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PREFACE. 


This  bulletin  differs  somewhat  from  other  published  reports  of 
the  Bureau  of  Mines,  which  relate  chiefly  to  the  bureau's  researches 
into  the  methods  of  increasing  health,  safety,  economy,  and  effi- 
ciency in  the  mining,  quarrying,  metallurgical,  and  miscellaneous 
mineral  industries  of  the  country. 

This  publication  is  devoted  exclusively  to  a  review  and  abstracts 
of  decisions  based  on  the  laws  governing  the  rights  and  duties 
of  mine  owners,  operators,  miners,  and  persons  trafficking  in  all 
kinds  of  mining  properties.  It  includes  abstracts  of  current  deci- 
sions of  all  the  Federal  and  State  courts  of  last  resort  on  questions 
relating  to  the  mining  industries. 

The  bureau  proposes  to  issue  sunilar  bulletins  with  sufficient 
frequency  to  keep  the  report  of  the  courts  mentioned  reasonably 
current.  There  is  no  present  medium  known  to  the  bureau  by 
which  this  information  is  conveyed  immediately  to  miners,  mine 
own^s,  or  other  persons  interested  in  mining  and  mining  industries. 

The  interest  manifested  in  this  bulletin  by  the  persons  for  whom 
it  is  intended  will  be  taken  as  a  basis  for  determining  whether  the 
subsequent  publication  of  similar  bulletins  is  warranted.  The  issu- 
ance of  such  bulletins  will  accordingly  depend  on  the  number  of 
individual  requests  received  for  this  one  and  on  the  opinion  as  to  its 
value  expressed  by  those  who  receive  it. 

J.  A.  Holmes. 
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ABSTRACT  OF  CURRENT  DECISIONS  ON  MINES  AND 
MINING,  OCTOBER,  1912,  TO  MARCH,  1913. 


By  J.  W.  Thompson. 


MINERALS  AND  MINERAL  LANDS. 
A.  Salb  and  Conyetanoe. 

B.  SUBTAOB  AND  MlNE&ALS— OWNERSHIP  AND  SbYEEANOE. 


A.  SALB  AND  COKVXYANOB. 
CONYETANOE  OF  COAL  IN  PLACE. 

Coal  or  other  mineral  in  place  may  be  granted  and  conveyed  as 
land,  separate  and  apart  from  that  which  underlies  or  overlies  it. 

Boazd,  etc.,  of  Greene  County  v.  Lattas  Creek  Coal  Co.,  100  Northeastern,  661 
(Indiana),  January,  1913. 

MINERALS  SUBJECT  OF  GRANT. 

Coal,  mineral,  and  stone  under  the  surface  of  the  earth  are  the 
subject  of  grant  and  exception,  and  when  excepted  in  a  deed  become 
a  separate  and  distinct  inheritance. 

GoidoD  V.  Million,  154  Southweetem,  99  (Miflsouri),  February,  1913. 

CONVEYANCE  BT  ONE  COTENANT. 

One  cotenant  of  land  can  not  make  a  valid  conveyance  as  against 
his  cotenants  of  the  minerals  therein  and  a  right  to  the  small  timber 
on  the  surface  necessary  for  mining  purposes  with  easements  and  full 
rights  of  way  over  the  premises  by  the  construction  of  roads,  tram- 
ways, or  railroads  for  the  purpose  of  extracting,  storing,  handling, 
and  shipping  the  mineral  products. 

Ball  V.  Claik,  160  Southwestern,  369  (Kentucky),  November,  1912. 

CONTRACT  OF  SALE — COVENANTS  EUNNINO  WTIH  LAND. 

Where  a  deed  was  made  pursuant  to  a  contract  for  the  sale  of 
certain  copper-mining  property  at  an  agreed  price,  and  at  the  same 
time  and  as  a  part  of  the  same  transaction  a  written  agreement  was 
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entered  into  providing  for  the  payment  of  the  balance  of  the  unpaid 
purchase  money  out  of  the  net  profits  resulting  from  the  operation 
of  the  mining  property,  and  also  providing  that  it  should  be  binding 
upon  the  successors  and  assigns  of  the  parties,  this  agreement  was  not 
a  mere  personal  contract  to  be  performed  by  the  promissor,  but  was 
a  covenant  running  with  the  land  and  binding  upon  a  purchaser  and 
of  which  he  was  bound  to  take  notice. 

Henchman  v.  Conaolidated  Arizona  Smelting  Co.,  198  Fed.,  907,  August,  I9I2. 
CONTRACT  OF  SALE   OF  MINES — TIME   IS  OF  THE   ESSENCE. 

Where  mines  or  mining  properties  are  the  subject  of  a  contract  of 
sale,  time  is  of  the  essence,  independent  of  any  express  stipulation 
inserted  in  the  contract,  and  where  time  is  expressly  made  the 
essence,  then  an  inexcusable  failure  to  perform  or  to  pay  according 
to  the  conditions  terminates  the  rights  of  the  promissor  under  the 
contract,  and  if  his  right  of  possession  depends  on  his  making  pay- 
ments at  stated  times,  his  failure  to  pay  accordingly  terminates  his 
right  to  possession  and  no  notice  is  necessary;  and  a  tender  of  the 
amount  due  after  default  is  not  available  in  the  absence  of  a  waiver 
by  the  promisee. 

Champion  Gold  Mining  Co.  v.  Champion  Mines,  128  Pacific,  316  (California),  Novem- 
ber, 1912. 

CONTRACT   BY  OFFICERS   WITH   STOCKHOLDER  OF   ANOTHER   CORPORA- 
TION. 

A  verbal  agreement  entered  ioto  between  the  president  and  gen- 
eral manager  of  an  oil  company  with  a  stockholder  of  such  company 
who  was  also  the  manager  and  assistant  treasurer  of  another  oil 
company,  by  which  certain  mining  properties  of  the  first-named 
company  and  of  the  president,  who  claimed  an  interest  in  his  own 
right,  were  sold  to  such  purchasing  company  in  consideration  of  a 
certain  sum  paid  into  the  treasury  of  the  first-named  company,  was 
binding  upon  both  corporations,  though  made  for  the  benefit  of  the 
selling  corporation;  and  the  latter  had  the  right  to  maintain  an 
action  to  recover  the  amount  so  paid  from  such  stockholder  and 
assistant  treasurer  of  the  purchasing  company  and  from  another 
stockholder  of  the  selling  corporation  who  subsequently  appropriated 
the  amount  so  paid  under  the  claim  that  the  sale  was  for  their 
interest  in  the  property. 

Love  V.  Ejrkbride  Drilling  d  Oil  Co.,  129  Pacific,  858  (Oklahoma),  January,  1913. 

DEED  CONVEYING   COAL  MINES. 

A  deed  conveying  ''the  equal  undivided  half  of  the  coal  mines," 
situated  on  a  certain  described  tract  of  land,  and  reciting  that  ''said 
mines  are  now  showing  themselves  in  the  bed  of  the  creek  running 
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through  said  described  tract  of  land,"  is  intended  to  conirey  the 
coal  deposits  subject  to  being  mined  and  is  not  limited  to  the  par- 
dcokr  veins  of  coal  shown  by  the  croppings  in  the  creek,  but  cover 
an  undivided  half  of  all  the  coal  deposits  underlying  the  land 
described. 

Gcfdon  V.  MilMon,  154  Southwestern,  99  (Miarouri),  Febmaiy,  1913. 

A  purchaser  of  a  mine  who  fails  to  make  payments  according  to 

his  purchase  contract,  and  at  the  stated  times,  where  time  is  of  the 

essence,  forfeits  his  right  to  continued  possession  and  also  forfeits 

the  payments  made,  where  such  forfeiture  is  expressly  provided  in 

the  contract. 

Gbampion  Gold  Mining  Go.  v.  Champion  Mines,  128  Pacific,  315  (Galiforoia),  No- 
vember, 1912. 

OPTION     OONTRAOT    TO    PT7B0HASE    MINES — OONSTBXJOTION    AND 

FORFEITUIUS. 

An  option  contract  to  purchase  mines  provided  that  the  purchase 

price  was  to  be  payable  in  installments,  and  possession  was  to  be 

delivered  on  the  first  payment,  and  the  purchaser  was  to  expend  not 

less  than  $100,000  in  the  development  of  the  mine  the  first  year  and 

to  pay  the  vendor  10  per  cent  of  the  gross  amoimt  of  bullion  obtained 

from  clean-ups,  such  amounts  to  be  applied  on  the  installments  of 

the  purchase  money,  and  upon  the  failure  to  make  any  specified 

payment,  or  upon  breach  of  any  of  the  agreements,  all  payments 

made  were  to  be  forfeited,  and  the  vendor  could  reenter  and  take 

possession  of  the  property.    Under  this  contract  the  purchaser's 

right  to  continue  in  possession  and  operate  the  mine  depended  on 

the  payment  of  the  10  per  cent  of  the  gross  amount  of  each  dean-up, 

and  a  tender  after  maturity  of  an  amount  not  sufficient  to  pay  the 

percentage  on  clean-ups  admittedly  due  did  not  prevent  a  forfeitiure 

of  the  contract  at  the  election  of  the  vendor. 

Champion  Gold  Mining  Go.  v.  Champion  Mines,  128  Pacific,  315  (Oalifomia),  No- 
vember, 1912. 

OPTION  TO  PURCHASE  COAL. 

A  contract  of  sale  and  an  agreement  to  convey  a  certain  vein  of 
coal  in  and  under  a  certain  described  tract  of  land,  with  the  right  to 
mine  and  remove  the  same,  for  a  stipulated  price  payable  at  certain 
stated  dates,  is  no  more  than  an  option  where  it  provides  that  it  shall 
be  null  and  void  if  the  wife  of  the  vendor  refuses  to  sign  the  deed. 

Thompson  v.  Craft,  85  Atlantic,  1107  (PennBylvania),  January,  1913. 

OPTION  OONVEBTED  INTO  ABSOLUTE  CONTRACT  OF  SALE. 

An  option  contract  to  sell  and  convey  a  certain  vein  of  coal  in 
and  under  a  certain  described  tract  of  land,  with  the  right  to  mine 
and  remove  the  same,  providing  that  it  should  be  null  and  void  if 
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the  vendor's  wife  should  refuse  to  sign  the  deed,  became  absolute 
where  the  vendor  on  his  acceptance  of  an  assignment  of  the  contract 
indorsed  thereon  that  the  ''contract  of  sale  is  made  absolute"  and 
acknowledged  receipt  of  part  of  the  purchase  price,  and  the  assignee 
may  compel  specific  performance  of  the  agreement  subject  to  the 
wife's  right  of  dower,  where  the  wife  refused  to  join  in  the  convey- 
ance. 

Thompson  v.  Graft,  85  Atiftntic,  1107  (PennBylvBoia),  Juraary,  1913. 
AGOOUNTING  FOB  PBOFITS   UNDEB  OPTIONS. 

In  an  action  for  an  accounting  for  profits  realized  from  the  opera- 
tion of  a  certain  mining  property  where  it  appeared  that  the  com- 
plainant and  the  defendant  entered  into  a  verbal  agreement  by 
which  the  defendant  should  obtain  options  upon  two  separate  mining 
properties,  and  the  complainant  should  advance  money  sufi&cient  to 
operate  the  same  by  means  of  leases  on  a  royalty  basis,  and  where 
the  defendant  according  to  the  agreement  obtained  an  option  on  one 
of  the  properties  and  the  complainant  advanced  money  according 
to  the  agreement,  and  subsequently  the  defendant  obtained  an 
option  for  himself  solely  on  the  other  mining  property,  and  both 
were  operated  through  leases  on  a  royalty  basis,  the  defendant  was 
bound  to  account  to  the  complainant  for  the  profits  realized  by  him 
from  the  operation  of  such  second  property,  as  the  original  agree- 
ment was  entire  and  included  both  properties  alike. 

Quinn  v.  Tully,  140  Northwestern,  492  (Michigan),  March,  1913. 

AGBEEMENT  TO  BBGONVBT — NOTIGB. 

On  the  sale  of  certain  mining  property  the  seller  made  a  written 
agreement  that  if  the  purchaser  was  dissatisfied  with  the  property  at 
the  end  of  the  three  years  the  seller  would  return  the  amount  paid 
on  reconveyance  of  the  property;  the  purchaser  must,  in  order  to  hold 
the  vendor,  give  notice  of  his  dissatisfaction  within  a  reasonable  time 
after  the  expiration  of  the  three  years,  and  notice  of  such  dissatis- 
faction, given  two  and  one-half  months  after  the  end  of  the  three 
years,  is  within  a  reasonable  time  where  the  vendor  was  in  the  Teiri- 
tory  of  Alaska  at  the  expiration  of  the  three  years'  time  and  notice 
could  not  be  served  upon  him  earlier. 

McDougall  V.  O'Gonnell,  130  Pacific,  362  (Waohiogton),  February,  1918. 
BJEGTMBNT  TO  DBTEBBONE  TriLE  TO   GOAL. 

Ejectment  is  the  proper  remedy  to  try  the  title  to  an  estate  in  coal 
mines  under  a  deed  conveying  to  the  plaintiff  the  coal  mines  situated 
on  a  certain  tract  of  land  described^  where  the  defendant  was  in  the 
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pOBseesion  of  the  surface  and  had  in  digging  a  hole  discorered  a  rein 
of  coal  and  was  claiming  the  entire  estate  from  the  smf ace  to  the 

center  of  the  earth. 

Gordon  v.  Million,  154  Southwestem,  99  (Miasouri),  February,  191S. 

aAUfi   INDUCED  BT  FRAITD. 

When  a  purchase  of  mineral  lands  is  induced  hy  the  fraudulent  rei>- 
resentation  that  gold  in  great  quantities  had  been  found  upon  ground 
immediatelj  adjacent  to  the  lands  purchased,  it  is  proper  to  assume 
that  the  purchase  was  induced  solely  by  the  representations  con- 
oeming  the  gold  deposits  upon  the  adjoining  lands,  and  whether  the 
purchaser  was  told  by  the  seller  that  gold  in  paying  quantities  had 
been  found  there  or  whether  the  seller  presented  the  purchaser  with 
written  logs  and  copies  of  assays  showing  rich  gold  deposits  with 
assurances  that  they  were  coirect  is  immaterial;  and  it  is  not  even 
material  whether  the  seller  knew  that  his  representations  were  false, 
as  the  test  is  the  truth  of  the  representations  and  whether  the  piup- 
chaser  relied  upon  them  and  belieyed  them  to  be  true. 

Kleine  v,  Gidcomb,  152  Southwestern,  462  (Texas),  January,  1913. 

B.  SXTBFACB  AND  MINSBALS— OWKEBSHZP  ANB  SBVBBAITOB. 
S£PABATE  OWNERSHIP  OF   SURFACE   AND  MINERALS. 

The  surface  ownership  of  land  may  be  in  one  person,  and  that  of  thie 
minerals  thereio  in  another,  and  both  are,  in  such  cases,  landholders. 

Ballv.  dark,  150  Southwestern,  359  (Kentucky),  November,  1912. 

ESTATE  IN   COAL  DEPOSITS. 

Ooal  deposits  when  separated  by  grant  or  reservation  in  a  deed 
are  as  much  of  an  estate  in  lands  as  is  the  surface  of  the  same  lands. 

GofdoQ  V.  MiUioo,  IM  Southwestern,  99  (Missouri),  February,  1913. 

PARTITION   OF  MINERALS. 

An  estate  in  minerals  is  a  subject  of  partition. 

Ball  V.  Clark,  150  Southwestern,  359  (Kentucky),  November,  1912. 
SBYERANCE   OF  SURFAOE  AND  MINERALS. 

The  owner  of  land  may  by  proper  conveyance  to  another  sever  the 
minerals  from  the  surface  and  each  will  thereafter  constitute  a  sepa- 
rate and  distinct  estate^  taxable  as  such. 

McConnick  v.  Berkley,  86  Atlantic,  97  (Pennsylvania),  Jantiary,  1913. 

There  may  be  a  complete  severance  of  the  mineral  estate  in  lands 
from  the  surface  estate. 

Gordon  v.  Million,  154  Southweetem,  99  (Miflsouri),  February,  1913. 
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SEPABATE  CONYBYANCE   OF   8UBFACE   AND  HINEBALS. 

The  owner  of  land  may  by  deed  containing  a  sufficient  description 
convey  all  the  surface  to  one  person,  reserving  the  mineral  therein, 
and  may  by  a  proper  deed  containing  sufficient  description  convey 
the  mineral  in  the  same  land  to  another  person. 

Bingham  v.  CameSi  153  Southwestern,  193  (Kentucky),  February,  1913. 

The  owner  of  land  may  convey  the  surface  to  another  and  reserve 
to  himself  an  estate  in  fee  in  the  minerals,  or  he  may  convey  the 
surface  to  one  person  and  the  minerals  to  another,  and  such  a  con- 
veyance will  create  an  estate  separate  and  distinct  in  the  properties 
simdered  the  one  from  the  other,  entire  and  complete  in  fee  simple. 

Ball  V.  Clark,  150  Southweetem,  359  (Kentucky),  November,  1912. 

QBANT  OF  COAL — USE  OF  SURFACE. 

The  grant  of  coal  in  land  carries  with  it  the  use  of  the  surface  so 
far  as  is  necessary  to  carry  on  mining  operations. 

Gordon  t;.  Million,  154  Southwestern,  99  (Missouri),  February,  1913. 
OIL  AND  OAS   LANDS — OWNERSHIP   OF   OIL. 

Oil  in  and  under  the  surface  of  the  earth  and  not  reduced  to  actual 
possession  constitutes  a  part  of  the  land  and  belongs  to  the  owner 
of  the  land,  and  he  has  the  right  to  reduce  it  to  possession  or  grant 
the  privilege  of  doing  so  to  other  persons. 

Kahle  v.  Crown  Oil  Co.,  100  Northeastern,  681  (Indiana),  January,  1913. 

AUTHORnr   OF   INDIANS   OVEB  OIL   AND  OAS — ^POWEB   TO   SELL. 

Under  the  act  of  Congress  dated  June  28,  1906  (34  Stat.,  540),  the 
adult  members  of  the  Osage  Tribe  of  Indians  are  not  authorized  to 
sell  the  oil,  gas,  coal,  or  other  mineral  covered  by  their  lands,  though 
certificates  of  competency  were  issued  to  such  Indians  by  the  Secre- 
tary of  the  Interior. 

Neilaon  v.  Alberty,  129  Pacific,  847  (Oklahoma),  January,  1913. 

MINING  CLAIMS. 

A.   LOOATION  AND  EfFEOT. 

B.  Assessment  Work. 

C.  Abandonment  and  Bxlocatiov. 

D.  Advebse  Claims. 

E.  Liens. 

F.  Coal  Locations. 
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A.  LOOATIOH  AKD  BFFBOT. 
DISCOVERY  NECESSABY. 

A  valid  location  of  a  placer-miiiing  claim  can  not  be  made  without 
a  discoveiy  of  mineral,  nor  can  such  location  be  made  in  the  State  of 
Washington  without  complying  with  the  statute  by  commencing 
excavations  or  the  construction  of  works  within  the  required  time. 
The  labor  required  by  the  statute  must  be  performed. 

Spokaae  Portland  Cement  Go.  v,  Lanon,  128  Pacific,  641  (Washington),  December, 
1912. 

There  can  be  no  valid  location  of  a  mining  claim  until  a  sufficient 
actual  discovery  of  mineral  is  made  on  the  claim  and  no  question  of 
the  doing  of  annual  assessment  work  is  involved,  as  it  is  only  after 
such  a  discovery,  when  actual  possession  is  no  longer  necessary  to 
protect  the  location  against  subsequent  locators,  that  annual  assess- 
ment work  is  essential  to  prevent  a  forfeiture. 

Borgwaidt  o.  McKittrick  Oil  Ck).,  130  Pacific,  417  (California),  March,  1913. 

DISCOVERY  OF  MINERAL. 

In  a  contest  involving  the  right  of  possession  of  a  mining  claim  it 
is  competent  for  expert  witnesses  to  give  their  opinion  as  to  whether 
or  not  there  is  such  a  showing  of  a  vein  and  mineral  in  the  location 
88  would  justify  a  reasonably  prudent  miner  in  the  expenditure  of 
his  money  and  time^  with  the  expectation  of  finding  minerals  in 
profitable  quantities. 

King  Solomon  Tunnel  d  Development  Go.  v.  Mar>'  Vema  Mining  Co.,  127  Pacific, 
129  (Colorado),  October,  1912. 

OHABACTEB  OF  MINERALS  SUBJECT  TO  LOCATION. 

In  a  contest  between  a  placer  and  a  lode  locator  a  court  has  juris- 
diction to  determine  whether  the  mineral  land  in  controversy  was  of 
a  character  which  entitled  it  to  be  located  as  a  placer  mine,  or  whether 
it  could  only  be  entered  as  a  lode  mining  claim,  for  the  reason  that  if 
the  land  was  not  subject  to  location  as  a  placer  claim  the  placer 
claimant  obtained  no  possessory  right  thereto. 

8aa  Frandaco  Chemical  Go.  v.  Duffield,  201  Fed.,  830,  p.  834,  November,  1912. 

GOOD  FAITH  LOCATION. 

In  an  action  of  ejectment  the  question  of  the  good  faith  of  a  locator 
is  for  the  jury  to  decide,  as  a  court  can  not  lay  down  rules  by  which 
to  distinguish  a  speculative  location  from  one  made  in  good  faith  and 
witii  the  intent  to  make  excavations  and  ascertain  the  character  of 

90336^-Bull.  61—13 2 


18  OUBRENT  DECISIONS  ON  MII!rEB  AND  MIKIHO. 

the  vein  so  as  to  determine  whether  it  will  justify  the  ezpeaditures 
required  to  extract  the  metal. 

Booney  v,  Bamdtte,  200  Fed.,  700,  p.  709,  October,  1912. 

LANDS  ALREADY  APPROPRIATED. 

No  right  to  a  mining  claim  can  be  initiated  while  the  ground  is  in 
possession  of  another  who  has  the  right  to  its  possession  under  an 
earher  lawful  location,  nor  can  such  a  claim  be  initiated  by  forcible  or 
fraudulent  entry  upon  land  in  possession  of  one  who  has  no  right 
either  to  the  possession  or  to  the  title. 

San  FrandBco  Chemical  Go.  v.  Duffield,  201  Fed.,  830,  p.  834. 

PRIORnr  OVER  OONPLIOT  GROUND. 

Where,  prior  to  the  patent  survey  of  a  second  mining  claim,  the 
south  end  Une  of  an  existing  and  prior  claim  was  moved  to  the  south 
of  the  line  originally  monumented,  to  correspond  with  the  call  in  the 
location  notice  and  certificate,  prior  to  the  patent  survey  of  such 
second  claim,  and  where  subsequently  the  easterly  side  line  of  such 
second  claim  was  moved  to  the  east,  the  owner  of  such  original  claim 
has  a  better  right  than  the  owner  of  such  second  claim  to  the  ground 
in  conflict  occasioned  by  such  changes  in  the  boundaries  of  the  respec- 
tive claims. 

Indiana  Nevada  Mining  Ck>.  v.  Gold  Hill  Mining  d  Milling  Co.,  126  Pacific,  965 
(Nevada),  October,  1912. 

HARKING   BOUNDARIES. 

The  marking  upon  the  ground  of  the  boundaries  of  a  mining  location 
should  be  made  so  certain  and  so  plain  that  anyone  prospecting  in 
the  same  locality  would  have  no  trouble  in  locating  the  exact  ground 
claimed;  but  any  markings  on  the  ground  by  stakes,  monuments, 
mounds,  and  written  notices  whereby  the  boundaries  can  be  readily 
traced,  are  sufficient,  and  if  a  third  party  intending  to  locate  can 
readily  ascertain  from  what  has  been  done  by  the  prior  locator  the 
extent  and  boundaries  of  the  existing  location,  then  the  statute  has 
been  sufficiently  complied  with. 

Madeira  v.  Sonoma  Magnedte  Co.,  130  Pacific,  175  (California),  December,  1912. 

FAILURE  TO   MARK  BOUNDARIRS. 

A  locator  of  a  mining  ground  who  failed  to  definitely  mark  the 
boundaries  of  his  location  and  left  his  claim  unmarked  from  Septem- 
ber, 1905,  to  June,  1906,  and  knew  that  another  person  had  located 
a  part  of  the  same  ground  and  performed  a  large  amount  of  labor 
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thereon  without  knowledge  of  such  prior  location,  did  not  act  within 
a  reasonable  time  in  definitely  marking  his  claim  on  the  ground  so 
that  its  boimdaries  could  be  readily  traced. 

Ifadeiia  V.  Sonoma  Magnedte  Ck>.,  130  Pacific,  175  (Oalifomia),  December,  1912. 

EXCESSIVE  GROUND. 

A  mining  location  duly  made  according  to  the  mining  laws  is  not 
inyafid  where  the  locator  includes  within  the  boundaries  of  his  claim 
more  than  the  law  permits,  as  in  such  case  he  is  entitled  to  hold  to 
the  limit  which  the  law  authorizes  within  the  limits  he  has  laid  out, 
and  the  territory  embraced  within  his  boundaries  in  excess  of  such 
limits  is  to  be  rejected;  but  where  a  locator  relies  upon  the  comers 
established  and  marked  out,  a  different  rule  governs,  and  if  the 
courses  are  so  widely  separated  from  where  they  should  be  as  to  bear 
no  rdation  to  the  lode,  and  so  remote  as  to  justify  reasonable  in- 
ference that  they  were  not  intended  to  apply  to  the  lode  in  question, 
they  would  add  little  if  any  force  to  the  claim  that  the  law  had  been 
complied  with,  and  especially  so  where  the  notice  once  posted  at 
the  discovery  point  had  disappeared  or  where  the  lode  line  was  not 
distinctly  marked. 

Madeira  v.  Sonoma  Magnesite  Co.,  130  Pacific,  175  (California),  December,  1912. 

ENTBY  OK  EXISTINQ  LOCATION. 

A  provisional  location  can  not  be  made  upon  an  existing  mining 
claim  witih  the  intention  on  the  part  of  the  locator  that  the  vaUdity 
of  such  provisional  location  depends  on  whether  or  not  the  prior 
locator  fails  to  do  the  annual  assessment  work  and  thereby  forfeitf 
die  existing  claim. 

BoQney  v.  Bamette,  200  Fed.,  700,  p.  708,  October,  1912. 

FLAGEB  CLAIMS. 

By  a  placer  claim  is  meant  ground  within  defined  boundaries  con- 
taining mineral  in  its  earth,  sand,  or  gravel — ground  that  includes 
valuable  deposits  not  in  place,  nor  fixed  in  rock,  but  which  are  in  a 
loose  state  and  that  may  usually  be  collected  by  washing  or  amalgama- 
tion without  milling. 

San  Frandaco  Chemical  Go.  v.  Duf&eld,  201  Fed.,  830,  p.  836,  November,  1912. 
FLACEB   AND  LODE  CLAIMS — BOCK  PHOSPHATE. 

Calcium  phosphate  or  rock  phosphate  found  in  place  having  a  dip 
and  strike,  firmly  fixed  in  the  mass  of  a  mountain  and  occurring  be- 
tween strata  of  limestone^  cherti  and  shale^  where  the  line  of  demarci^ 
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tion  between  veins  of  such  phosphate  rock  and  wall  rock  of  lime- 
stone or  shale  is  well  defined  and  distinct,  and  where  the  distinction 
between  such  phosphate  rock,  having  commercial  value,  and  the  wall 
rock,  with  no  commercial  value,  is  readily  determined  by  visual  in- 
spection, is  subject  to  location  under  the  mining  lavra  only  as  a  vein 
or  lode  and  not  as  a  placer  claim. 

San  Franciflco  Chemical  Co.  v,  Diiffield,  201  Fed.,  830,  p.  836,  November,  1912. 
PAROL  AGREEMENT  TO  LOCATE  FOR  BENEFIT  OF  OTHERS. 

An  agreement  to  locate  a  mining  claim  for  the  benefit  of  others  is 
vaUd  though  not  in  writing. 

Clark  V.  Mitchell,  130  Pacific,  760  (Nevada),  liarch,  1913. 

AGREEMENT  TO  LOCATE  FOR  ANOTHER — ESTOPPEL. 

An  agent  or  a  representative  of  an  owner  of  a  mining  claim  who 
agreed  to  perform  the  assessment  work  for  a  certain  year  for 
an  undivided  interest  in  the  claim  and  to  relocate  another  claim  for 
such  owner  in  consideration  of  an  undivided  interest  therein  is,  in 
performing  such  work,  and  relocating  such  other  claim,  bound  to 
protect  the  original  claimant  to  the  extent  of  the  interest  agreed 
upon  and  is  estopped  from  denying  the  rights  of  such  original  claim- 
ant and  can  not  question  the  vaUdity  of  the  locations  made  by  him- 
self in  violation  of  the  agreement. 

Clark  V.  MitcheU,  130  Pacific,  760  (Nevada),  March,  1913. 

LOCATIONS  FOR  RENEFFT  OF  LOCATORS. 

VaUd  locations  of  mining  claims  may  be  made  by  a  number  of 
different  locaton,  though  made  under  an  arrangement  by  which 
each  locator  was  to  transfer  his  claim  to  a  corporation  to  be  subse- 
quently organized  and  in  which  the  locators  should  be  the  sole  stock- 
holders, each  owning  an  equal  undivided  part  of  the  stock. 

Bdgwardt  v.  McKittrick  Oil  Co.,  130  Pacific,  417  (California),  March,  1913. 

POSSESSORY  RIGHT. 

A  locator  of  a  mining  claim  has  no  vested  right  which  courts  are 
obliged  to  recognize  until  the  inchoate  location  is  perfected  by  dis- 
covery, but  where  such  location  is  made  in  good  faith  the  locator  has 
the  right  as  against  third  persons  to  be  protected  against  all  forms 
of  forcible,  fraudulent,  surreptitious,  or  clandestine  entries  so  long 
as  he  remains  in  possession  and  with  due  diligence  prosecutes  his 
work  toward  discovery. 

Bosgwardt  v.  McKittzick  Oil  Co.,  130  Pacific,  417  (Calilonlia),  March,  1913. 
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P0B8B8SION  FBOTEOTBD. 

The  possession  of  an  attempted  locator  is  protected  only  while  he 
may  fairly  be  held  to  be  actually  engaged  in  such  work  as  may  rea- 
sonably be  held  to  be  discovery  work. 

Borgwardt  v.  McKittrick  Oil  Co.,  130  Pacific,  417  (California),  March,  1913. 

FOSSESSOBT  BIGHTS  AND  BELOOATION. 

The  location  of  mineral  ground  gives  to  the  locator  before  discovery, 
and  so  long  as  he  complies  with  the  United  States  statutes  and  State 
laws  and  local  rules  and  regulations,  the  absolute  right  of  possession 
as  agamst  all  intruders,  and  he  may  convey  or  transfer  this  right  to 
another;  and  during  such  time  such  ground  is  so  segregated  it  is  not 
open  to  location  by  another,  and  any  attempted  relocation  of  such 
ground  during  such  time  is  void. 

Booney  v.  Bamette,  200  Fed.,  700,  p.  709,  October,  1912. 

AMENDED  LOCATION. 

The  filing  of  amended  location  certificates  for  the  purpose  of  cor- 
recting errors  in  the  original  location,  without  waiving  previously 
acquired  rights,  is  not  a  waiver  of  any  priority  obtained  by  the  orig- 
inal location. 


Solomon  Tunnel  k  Development  Go.  v.  Mary  Yema  Milling  Co.,  127  Pacific, 
129  (Golnado),  October,  1912. 

FAILUBE  TO  FILE  AMENDED  OEBTIFIOATE. 

The  failure  to  file  a  certificate  or  amended  certificate  of  location, 
as  required  by  the  statute  of  Nevada,  has  the  effect  of  shifting  the 
burden  of  proof,  but  does  not  otherwise  affect  the  rights  of  the  parties 
thereunder. 

Indiana  Nevada  Mining  Co.  v.  Gold  Hill  Mining  &  Milling  Co.,  126  Pacific,  965 
(Nevada),  October,  1912. 

EFFECT  OF  PATENT. 

A  patent  for  a  mining  claim  that  contains  within  its  surface  boun- 
daries the  location  and  moniunent  shaft  of  another  claim  effectually 
extinguishes  the  latter  claim  as  a  valid  location. 

Indiana  Nevada  Mining  Co.  v.  Gold  Hill  Mining  <&  Milling  Co.,  126  Pacific,  965 
(Nevada),  October,  1912. 

LOCATION  OF  HIGHWAY. 

A  board  of  commissioners  of  a  county  has  the  power  to  locate  and 
establish  a  public  highway  over  an  existing  mining  claim,  as  this 
amounts  to  no  more  than  establishing  an  easement  over  such  claim 
to  the  extent  necessary  for  use  as  a  highway. 

Olaine  v.  McGiaw,  120  Pacific,  460  (California),  January,  1913. 
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B.  A88B8SMBNT  WOBX. 
ASSOCIATION  GLAHC. 

The  mining  laws  do  not  require  the  annual  assessment  work  on 
each  20-acre  tract  of  an  association  claim. 

Booney  v.  Bamette,  200  Fed.,  700,  p.  708,  October,  1912. 

PABOL   AOBEEBCSNT  TO  PEBFOBM   ASSESSMENT   WOBK  AND  BELOOATE 

CLAIM. 

An  oral  agreement  by  which  one  person  agreed  to  perform  the 
assessment  work  upon  a  certain  mining  claim  for  a  year,  in  considera- 
tion of  which  the  owner  of  the  claim  agreed  to  convey  the  imdivided 
one-fourth  interest  of  such  claim,  is  not  void  under  the  statute  of 
frauds  where  the  owner  of  the  claim  fully  performed  his  part  of  the 
agreement;  but  where  the  other  party  with  the  fraudulent  purpose 
of  dispossessing  the  owner  of  his  claim  willfully  failed  to  perform  such 
assessment  work,  causing  the  claim  to  be  forfeited  and  to  revert  to 
the  public  domain  and  afterwards  relocated  such  claim  in  the  names 
of  himself  and  other  persons,  a  trust  relation  was  thereby  created 
and  the  original  owner  can  enforce  the  trust  and  recover  the  share 
of  such  relocated  mine  which  he  would  have  received  had  the  other 
party  performed  his  part  of  the  contract. 

Clark  V.  Mitchell,  130  Pacific,  760  (Nevada),  March,  1913. 

INSUFFICIENT  PBOOF. 

It  is  not  sufficient  proof  of  assessment  work  for  a  party  to  state  in 
his  affidavit  that  he  has  in  his  possession  the  affidavits  of  three  com- 
petent persons  to  the  effect  that  the  assessment  work  on  a  mining 
claim  for  a  particular  year  has  been  done. 

Anderson  v.  Robinaon,  127  Pacific,  546  (Oregon),  November,  1912. 

VALUE  OF  HYBBAULIC   WOBK. 

The  value  of  assessment  work  by  hydraulicking  on  a  minfaig  claim 
is  not  determined  by  the  wages  of  the  man  who  holds  the  nozzle,  but 
by  the  results  accomplished,  and  in  such  case  the  value  of  the  use 
of  the  plant,  including  the  water  rightS;  ditches,  pipe  lines,  giants, 
all  of  which  contribute  more  to  the  result  than  the  manual  labor, 
must  be  considered. 

Anderson  v,  Robinson,  126  Pacific,  988  (Oregon),  October,  1912. 

OONSTBUCrnON  OF  FLT7MB  FOB  OPEBATION   OF   MINB. 

The  construction  of  a  flume  for  the  bringing  of  water  to  a  mine  for 
the  sole  purpose  of  working  it,  where  this  is  the  only  way  by  which  the 
mine  could  be  worked  or  prospected,  is  development  work  within  the 
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meamog  of  the  California  statute  giving  a  laborer  lien  for  labor  per- 
formed in  deyeloping  a  mine* 

McCluiig  V.  Pandiae  Gold  Mining  Co.,  129  Pacific,  774,  p.  776  (California),  Janu- 
aiy,  1913. 

BESUMPTION  OF  WOBC. 

It  IB  immaterial  whether  a  locator  or  owner  of  a  mining  claim  per- 
fomied  the  assessment  work  for  a  particular  year  if  such  locator  or 
owner  was  subsequently  in  possession  and  performing  work  on  the 
daun;  and  it  is  not  then  open  to  relocation  and  possession  by  another, 
and  work  thereafter  performed  would  apply  on  the  work  required  for 
that  year. 

Andenon  v.  Robinson,  126  Pacific,  988  (Oregon),  October,  1912. 

C.  ABAKDONXBNT  AND  BBLOCATIOH. 
QUESTION  OP  PACT. 

The  abandonment  of  a  mining  claim  by  a  locator  is  a  question  of 
fact,  and  the  fact  is  to  be  found  from  the  intention  and  the  fiting  of 
amended  location  certificate;  but  the  sinking  of  new  discovery  shafts 
are  not  necessarily  evidence  of  an  intention  to  abandon  where  the 
amended  location  certificate  expressly  stated  that  it  was  without 
waivo*  of  previously  acquired  rights. 

King  Sdomon  Tunnel  d  Development  Co.  v.  Mary  Vema  Mining  Co.,  127  Pacific, 
129  (Oolaiado),  October,  1912. 

Indiana  Nevada  Mining  Co.  v.  Gold  Hill  Mining  &  Milling  Co.,  126  Pacific,  965 
(Nevada),  October,  1912. 

PBiOBrrr  of  bioht. 

In  an  action  to  recover  possession  of  a  mining  claim  where  the  de- 
fendant pleaded  title  to  the  disputed  groimd  by  reason  of  discovery  and 
location  antedating  that  of  the  plaintiff's,  the  fact  that  the  defendant 
did,  subsequent  to  the  location  claimed  by  the  plaintiff,  file  amended 
locations  does  not  of  itself  show  an  abandonment  where  the  amended 
location  notices  stated  that  they  were  amended  locations,  made  to 
correct  errors  in  the  original  locations  and  without  waiver  of  previously 
acquired  rights;  and  the  further  fact  that  the  defendant  sunk  new 
discovery  shafts  imder  such  amended  location  did  not  break  the  con- 
tinuity of  the  original  location  where  it  clearly  appeared  that  the 
locator  did  not  intend  to  abandon  the  original  location. 

King  Solomon  Tunnel  &  Development  Co.  v.  Mary  Vema  Mining  Co.,  127  Pacific,  129 
(Colonulo),  October,  1912. 

ABANDONMENT  OF  PLACEB  CLAIM. 

An  attempt  to  locate  a  placer  mining  claim  and  appropriate  alleged 
water  rights  as  a  speculative  venture  in  an  effort  to  prevent  others 
from  appropriating,  developing,  or  using  the  waters  of  a  lake  or  stream 
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will  not  rperate  as  a  valid  location  where  the  locator  and  his  suc- 
cessors made  no  honest  effort  to  work  the  claim  for  more  than  a  year, 
and  where  they  made  no  appUcation  to  the  Forest  Service  of  the 
United  States  for  permission  to  develop  or  work  the  claim;  and  under 
such  circumstances  an  abandonment  may  properly  be  declared. 

Spokane  Portland  Cement  Co.  v.  LazBon,  128  Pacific,  641  (Washington),  December, 
NEW  DISCOVERY  UNDER  AMENDED  LOCATION. 

Under  the  statute  of  Colorado,  the  locator  of  a  minmg  claim  who 
files  an  amended  location  certificate  for  the  purpose  of  correcting 
errors  in  the  original  location  is  not  required  to  discover  a  new  vein 
or  lode,  or  sink  any  additional  shaft,  or  make  any  new  discoveries  of 
mineral  on  his  location. 

King  Solomon  Tunnel  &  Development  Co.  v.  Mary  Vema  Mining  Co.,  127  Pacific, 
129  (Colorado),  October,  1912. 

D.  ADVEB8B  CLAIMS. 
EVIDENCE   AS  TO  VACANT   PUBLIC  LAND. 

In  an  action  on  adverse  claims  involving  the  priority  of  locations 
of  mining  claims  witnesses  may  not  testify  as  to  whether  or  not  the 
located  land  was  vacanlr^ubUc  domain  at  the  time  of  a  certain  loca- 
tion, but  in  such  case  the  witnesses  are  Umited  in  their  testimony 
to  their  knowledge  of  the  physical  conditions  of  the  ground,  based 
on  personal  examination  and  inspection  thereof,  and  as  to  what  shafts, 
adits,  tunnels,  or  other  mining  developments  are  located  thereon, 
and  it  is  then  the  province  of  the  court  and  jury  to  determine  whether 
or  not  the  alleged  locations  were  made  upon  unappropriated  pubhc 
domain. 

King  Solomon  Tunnel  &  Development  Co.  v.  Mazy  Verna  Mining  Co.,  127  Pacific, 
129  (Colorado),  October,  1912. 

CONFLICT   IN  LODE   AND   PLACER   LOCATIONS. 

In  an  action  on  an  adverse  claim  to  determine  a  controversy  be- 
tween lode  and  placer  locators,  the  court  can  only  inquire  as  to  the 
priority  of  location  and  whether  all  the  requirements  of  the  statute 
have  been  complied  with. 

San  Francisco  Chemical  Co.  v.  Duffield,  201  Fed.,  830,  p.  833,  November,  1912. 

TRESPASS   AND  DAMAGES. 

The  locator  of  a  lode  claim  can  not  successfully  maintain  an  action 
to  enjoin  a  trespass  and  to  recover  damages  for  such  trespass  upon 
his  alleged  mining  location  where  the  testimony  shows  that  such 
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lode  location,  triangular  in  fonn,  overlapped  a  placer  location,  and 
where  no  discoyery  was  made  within  the  limits  of  such  lode  location, 
but  where  a  surface  discovery  only  was  claimed,  and  where  the  ore 
was  taken  by  the  defendant  from  such  overlap  and  wholly  within 
the  boundaries  of  the  placer  location. 

Olaane  v.  McGxbw,  120  Pacific,  460  (California),  January,  1912. 

B.    IiIBNS. 
LIEN  FOB  LABOB. 

In  asserting  a  lien  for  labor  on  a  mining  claim  under  the  statute  of 
California  it  is  not  necessary  that  the  claimant  should  use  the  lan- 
guage of  the  statute,  nor  does  the  statute  require  the  claimant  to 
state  the  character  of  his  labor  nor  show  that  the  labor  was  performed 
in  development  or  work  by  the  subtractive  process,  though  he  must 
show  by  his  proof  that  it  was  of  such  kind  as  is  made  lienable  by  the 
statute  and  that  it  did  constitute  development  work  or  mining  by 
the  subtractive  process. 

McClang  v.  Paradise  Gold  Mining  Co.,  129  Pacific,  774  (California),  January,  1913. 
NATUBE  OF  WOBK  AND  AUTHOBITT  OF  AGENT. 

A  person  having  in  contemplation  the  purchase  of  a  large  block  of 
the  shares  of  a  corporation  owning  mining  property,  and  who  took 
an  option  from  the  corporation  for  that  purpose  and  by  which  he 
was  authorized  to  go  upon  its  property  and  repair  the  flume  as  he 
thought  necessary  and  sufiicient  to  run  water,  and  to  deliver  to  its 
treasurer  one-half  of  all  the  gold  taken  from  the  mine,  was  sufficient 
to  constitute  such  officer  the  statutory  agent  for  the  employment  of 
laborers,  and  to  put  the  corporate  officers  on  notice  that  he  intended 
to  operate  the  mine  and  to  engage  laborers  who  would  be  entitled  to 
a  lien  for  their  services. 

McClnng  v.  P^oadiae  Gold  Mining  Co.,  129  Pacific,  774,  p.  776  (California),  January, 
1913. 

FBioBrnr  of  liens. 

An  agent  employed  by  an  English  corporation  to  superintend  its 
mining  operations  in  certain  States  is  entitled  to  a  lien  on  the  min- 
ing property  for  advances  made  by  him  and  used  in  the  develop- 
ment of  the  property  of  the  company,  and  in  purchasing  certain 
mining  claims  for  the  company  to  which  he  took  title  to  himself  as 
security;  and  such  liens  are  not  subject  to  a  floating  lien  created  by 
an  English  debenture  that  does  not  restrict  or  in  any  way  interfere 
with  the  corporation  from  prosecuting  the  business  for  which  it 
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was  organized  in  foreign  countries  and  there  encumbering,  transfer- 
ring, or  otherwise  dealing  with  its  property  in  the  ordinary  course 
of  business. 
Pearson  v.  Hairis,  200  Fed.,  10,  October,  1912. 

LIEN  ON  OIL  AND  GAS   LEASEHOLD. 

The  statute  of  Kansas  giving  a  lien  on  the  whole  of  any  leasehold 
for  oil  or  gas  purposes,  or  any  oil  or  gas  pipe  lines,  for  labor  performed, 
or  4oT  material  furnished,  or  for  machinery  and  oil-well  supplies 
used  in  digging,  drilling,  torpedoing,  completing,  operating,  or 
repairing  any  oil  or  gas  well,  does  not  give  a  person  performing  such 
labor  or  furnishing  any  such  materials  a  lien  upon  the  oil  produced. 

Blftck  v.  Gearth,  128  Pacific,  183  (EaDsas),  December,  1912. 

mechanic's  lien  on  oil  WELL. 

A  leasehold  estate,  for  the  puipose  of  producing  oil  and  gas,  and 
an  oil  and  gas  well  and  its  appliances  located  thereon,  are  subject 
to  a  mechanic's  lien,  and  such  oil  well  is  a  ''structure"  within  the 
meaning  of  the  statute  giving  a  mechanic's  lien  on  buildings  and 
structures. 

Kanawha  Oil  &  Gas  Co.  v.  Wenner,  76  Southeastern,  89S  (West  Viiginia),  Decem- 
ber, 1912. 

LABOB  UEN — WAIVEB. 

An  agreement  by  which  a  mining  company  leased  to  a  person  who 
had  performed  work  for  it  certain  oil  wells  for  a  specified  time  upon 
a  royalty  of  10  cents  per  barrel  for  all  oil  produced,  and  by  which  the 
lessee  was  to  make  certain  collections  on  account  of  oil  previously 
sold  by  the  company  to  third  persons,  and  apply  the  proceeds  of 
such  collections  to  his  claim  for  such  work  performed  by  him,  and 
also  freeing  to  sell  oil  in  certain  holes  and  apply  the  proceeds  upon 
such  indebtedness,  did  not  constitute  a  novation  so  as  to  extinguish 
the  existing  indebtedness  and  did  not  operate  as  a  waiver  of  the  lien 
held  by  the  lessee  upon  the  mining  property  of  the  lessor  for  the 
services  rendered. 

Reynolds  v.  York  Syndicate  Oil  Co.,  130  Pacific,  183  (California),  December,  1912. 

ASSIGNMENT  OF  LABOB  UEN. 

A  laborer's  lien  on  a  mine  under  the  statute  of  California  is  not 
invalid  merely  because  the  date  of  the  assignment  antedated  that 
of  the  recording,  where  the  assignment  was  made  to  take  effect  after 
the  recording  of  the  claim  as  a  lien  and  where  the  assignment  itself 
showed  that  it  was  for  the  claim  of  lien  '' heretofore  fded''  by  the 
assignor  against  the  property  of  the  mining  company. 

McOlung  V.  Paradise  Gold  Mining  Co.,  129  Pacific,  774,  p.  777  (California),  January, 
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V.  OOAXi  ZiOOATIOHS. 
SMTBT  FOB   SOLE   USE  OF  BNTBTICAN. 

Tbe  officers  of  the  land  office  hare  the  right  to  assume  that  an 
^^plication  to  purchase  coal  lands  is  made  with  knowledge  of  the 
law  regulating  such  purchases  and  that  the  applicant  is  applying 
to  ptnehase  the  land  for  his  own  use  and  benefit^  as  the  law  restricts 
the  amount  of  land  that  can  be  purchased  by  one  person  to  160 
acres  and  by  an  association  to  320  acres. 

United  States  v.  Home  Goal  A  Coke  Co.,  200  Fed.,  910,  p.  914,  October,  1912. 
BNTBY  BY  ONB   FBBSON  FOB   BENEFrT  OF  OTHEBS. 

There  is  no  prohibition,  either  express  or  implied,  in  the  coal-land 
law  against  an  entry  by  a  qualified  person  for  the  benefit  of  another 
person  or  association  where  such  person  or  association  is  qualified 
to  make  the  entry  in  his  or  its  own  name  and  is  not  seeking  to  evade 
restriction  in  respect  of  quantity;  but  the  prohibition  is  against  a 
qualified  person  making  an  entry  for  another  who  is  disqualified. 

United  States  v.  Home  Goal  A  Goke  Go.,  200  Fed.,  910,  p.  917,  October,  1912. 

STATBliENT  AS  TO  PUBPOSE  OF  ENTBT. 

The  statute  regulating  the  entry  and  purchase  of  coal  lands  does 
not  require  an  applicant  to  state  in  his  application  that  the  entry 
is  for  his  sole  use  and  benefit. 

United  States  v.  Home  Goal  &  Goke  Go.,  200  Fed.,  910,  p.  914,  October,  1912. 

PUBGHASE   MONET  BEFUNDED. 

Where  from  any  cause  a  coal  entry  has  been  erroneously  allowed 
the  purchase  money  may  be  repaid  to  the  entrymen;  but  the  expres- 
sion ''erroneously  allowed''  denotes  some  mistake  or  error  on  the 
part  of  the  land  officers  whereby  an  entry  is  allowed  when  it  should 
be  disallowed,  and  not  some  fraud  or  false  pretense  practiced  on  them 
whereby  an  applicant  appears  to  be  entitled  to  the  aUowance  of  an 
entry  when  in  truth  he  is  not. 

United  States  v.  Home  Goal  A  Goke  Go.,  200  Fed.,  910,  p.  916,  October,  1912. 
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A.   DUTIES  AND  LIABILITIBS  OF  OPBRATOB. 

SAFE  WOBKING  PLACE. 

A  mine  owner  owes  the  duty  to  the  miners  to  make  its  mine  aa 
reasonably  safe  to  work  in  as  is  practicable  in  such  a  dangerous 
vocation. 

Cook  V,  Cranbeny  Furnace  Co.,  76  Southeastern,  473  (North  Carolina),  November, 
1912. 

DANGEBOUS   EMPLOYMENT. 

A  coal-mine  operator  is  not  an  insurer  of  the  safety  of  its  miners 
and  owes  a  miner  no  greater  duty  for  his  protection  than  he  owes  to 
himself. 

Stony  Fork  Coal  Co.  v.  Lingar,  153  Southwestern,  6  (Kentucky),  February,  1913. 

DUTY  TO  KEEP  WOBKING  PLACE   SAFE. 

The  duty  of  a  mine  operator  to  keep  safe  the  place  where  a  miner 
works  extends  to  places  immediately  connected  with  the  working 
place  of  the  miner  where  he  must  necessarily  go  in  connection  with 
his  ordinary  work  as  a  miner,  and  a  miner  did  not  forfeit  his  right 
to  the  protection  the  discharge  of  the  operator's  duty  would  afford 
where  he  was  temporarily  in  an  unprotected  part  of  his  chamber, 
without  notice  of  danger,  to  get  a  needed  drink  from  Ins  water  pail, 
which  he  kept  in  close  proximity  to  his  place  of  work. 

Mammoth  Mining  Co.  v,  Thomas,  201  Fed.,  297,  p.  300,  October,  1912. 

DUTY  TO  MAKE  MINE  SAFE. 

A  mine  owner  fails  to  exercise  ordinary  care  to  make  its  mine 
reasonably  safe  for  its  miners  where  it  had  knowledge  that  the  roof 
was  in  an  unsafe  and  dangerous  condition  and  where  slate  had  been 
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falling  from  a  roof  in  an  entry  for  some  time  and  it  took  no  steps  to 
remove  the  defect  either  by  taking  down  the  loose  slate  or  by  prop- 
ping the  roof. 

Tnsper  Coal  Co.  v.  Crawfoid,  153  Southwestern,  211  (Kentucky),  Februaxy,  1913. 

SAFE  WOBKINO  PLACE   FOB  MINEBS. 

It  is  the  duty  of  a  mine  operator  to  inspect  and  keep  safe  a  cham- 
ber or  chute  where  miners  are  expected  to  work  up  to  the  line  of 
such  chamber  or  chute,  and  it  is  the  continuing  duty  of  the  operator 
to  warn  miners  of  the  danger  of  such  adjacent  or  adjoining  chute, 
and  either  protect  them  or  give  them  opportunity  to  protect  them- 
sdyes,  where  the  miners  themselyes  are  not  permitted  to  enter  or 
inspect  such  adjoining  chute. 

Geimaux  v.  Northweetem  Improvement  Co.,  130  Pacific,  405  (Washington),  Feb- 
mrj,  1913. 

DXTTY  TO  PBOTIDE   SAFE  PLACE  AND  WABN  MINEBS. 

A  Tnifiing  company  owes  the  duty  to  its  miners  of  using  ordinary 
care  and  diligence  to  provide  reasonably  safe  places  in  which  miners 
are  to  work,  and  to  see  that  such  places  are  reasonably  free  from 
danger,  and  that  the  appliances  furnished  are  reasonably  safe  and 
free  from  danger;  and  it  is  obligatory  upon  such  company  to  warn 
its  servants  of  the  situation,  so  that  they  may  not  accidentally  or 
purposely  come  in  contact  with  the  danger,  and  such  warning  must 
be  plainly  noticeable  to  give  the  servant  a  comprehension  of  the 
danger. 

Williams  v.  Bunker  Hill  &  Sullivan  Mining,  etc.,  Co.,  200  Fed.,  211,  October,  1912. 

KEEPING  MINE  BOOF  SAFE. 

The  rule  that  a  mine  owner  or  operator  is  required  to  furnish  a 
safe  working  place  in  which  the  miners  may  work  applies  also  to 
places  in  the  mine  other  than  those  in  which  miners  work,  and  a 
mme  owner  may  be  liable  for  an  injury  to  a  miner  caused  by  falling 
slate  or  rock  from  the  roof  where  the  miner  under  direction  of  the 
operator  or  foreman  was  passing  through  the  mine  and  injured  by 
the  fall  of  such  material  from  the  roof. 

Broadway  Goal  Mining  Co.  v,  Bobinson,  150  Southwestern,  1000  (Kentucky), 
November,  1912. 

DIJTT  TO  EXEP  BOOF  OF  OBOSSCUTS   SAFE. 

Where  a  mine  was  worked  by  what  is  caUed  a  ''panel"  system 
and  the  entries  were  connected  by  crosscuts  in  which  miners  were 
tkot  required  to  work,  but  in  which,  with  the  knowledge  and  acqui- 
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escence  of  the  mine  owner,  the  mineis  were  accustomed  to  store  tools 
and  to  sit  while  eating  their  dinners  or  for  other  convenient  uses,  it 
then  became  the  duty  of  the  mine  operator  to  keep  the  walls  and 
roofs  of  these  crosscuts  in  reasonably  safe  condition  and  make 
reasonably  frequent  and  proper  inspection  thereof,  and  the  failure 
or  neglect  on  his  part  would  render  him  liable  for  an  injury  to  a  miner 
while  eating  his  dinner  caused  by  the  falling  of  the  roof. 

Kennis  v,  Ogden,  138  Nwthwestem,  467  (Iowa),  November,  1912. 

DUTY  TO   FUBNISH   PASSAOEWAT. 

A  mining  company  failing  to  provide  a  passageway  by  which 
miners  and  employees  can  pass  in  safety  from  one  part  of  the  mine  to 
another  without  going  through  the  elevator  shaft  where  elevators  are 
constantly  being  raised  and  lowered  without  warning  or  notice  is  not 
exercising  ordinary  care  to  furnish  its  miners  a  reasonably  safe  place 
in  which  to  work,  and  the  fact  that  no  statute  of  the  State  required 
mine  owners  to  provide  a  passageway  around  the  elevator  shaft  did 
not  relieve  it  from  liability  for  injury  to  a  miner  while  passing  through 
the  shaft. 

Fluehart  GolUeries  Go.  v.  Elam,  151  Southwestern,  34  (Kentucky),  December,  1912. 

Dtnr  TO   FUBNISH   SAFE   HAULAOEWAYS. 

A  mine  owner  and  operator  must  furnish  a  safe  passageway  for 
drivers  of  cars  hauling  coal  out  of  the  mine,  and  it  is  liable  for  an 
injury  to  a  driver  caused  by  protruding  rock  extending  from  the  rib 
of  the  entry  to  a  point  perpendicular  above  the  rail,  leaving  a  clear- 
ness above  the  edge  of  the  car  of  only  2  inches. 

Ek  V.  PhiUipe  Fuel  Co.,  138  Northwestern,  547  (Iowa),  November,  1912. 

Dtnr  EXTENDS   TO   ALL  PABT8  OF  MINE. 

The  duty  of  a  coal-mine  operator  to  furnish  a  miner  with  a  reason- 
ably safe  place  is  not  confined  to  the  precise  spot  in  which  he  works, 
but  includes  the  places  to  and  from  which  he  is  required  to  go  in 
performing  his  duties,  and  the  places  whither  he  is  ordered  by  the 
mine  foreman  to  go. 

Fluehart  Collieries  Go.  v.  Elam,  151  Southwestern,  34  (Kentucky),  December,  1912. 

DUTT  TO  PROVIDE  SUITABLE  APPLIANCES. 

It  is  the  duty  of  the  master  to  use  due  diligence  to  provide  suitable 
appliances  in  the  operation  of  his  business,  and  the  servant  may 
assume  that  the  master  has  performed  this  duty,  and  an  employee 
does  not  assume  the  risk  of  his  employer's  negligence  in  performing 
such  duties,  and  he  is  not  obliged  to  pass  judgment  upon  the  em- 
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ployer^s  methods  of  transactrng  his  business,  but  may  assume  that 
reasonable  care  has  been  used  in  furnishing  the  appliances  necessary 
for  its  operation;  but  if  the  conditions  are  constant  and  of  long  stand- 
ing, and  the  danger  is  so  obvious  as  to  suggest  itself  to  persons  in 
possession  of  their  faculties  and  of  ordinary  intelligence,  he  can  not 
escape  the  consequences  by  refusing  to  see  the  conditions  or  appreci- 
ate the  danger. 

KiUeen  v.  Bames-King  Development  Co.,  127  Pacific,  89  (Montana),  October,  1912. 

A  coal  company  operating  a  coal  mine  was  held  liable  to  a  rope 
driver  for  an  injury  received  by  him  by  reason  of  its  failure  to  exer- 
cise ordinary  care  to  keep  its  tracks  in  a  reasonably  safe  condition, 
and  by  reason  of  which  the  cable  used  to  draw  the  coal  cars  caught 
on  the  end  of  a  tie  and  suddenly  came  loose  and  struck  and  injured 
the  rope  driver. 

Stony  Foric  Goal  Co.  v.  Lingar,  153  Southwestern,  6  (Kentucky),  Febnuury,  1913. 

It  is  the  duty  of  a  coal  company  operating  a  coal  mine  to  exercise 
ordinary  care  to  provide  miners  and  employees  with  a  reasonably 
safe  place  in  which  to  work  considering  the  nature  of  the  employment 
and  must  use  ordinary  care  to  put  and  keep  its  tracks  in  a  reasonably 
safe  condition,  and  it  it  failed  to  do  this  and  the  rope  driver  was 
injured  by  reason  of  a  wire  cable  used  to  draw  the  loaded  cars  the 
company  is  liable. 

Stony  Foric  Goal  Go.  v.  Lingar,  153  Southwestern,  6  (Kentucky),  Febniary,  1913. 
DUTT  TO  PBOVIDE  SAITB  PLACE  AND  APPLIANCES. 

It  is  the  duty  of  an  operator  of  a  coal  mine  to  use  ordinary  care  to 
furnish  the  employees  and  miners  a  reasonably  safe  place  to  work 
and  to  use  ordinary  care  to  furnish  such  appliances  as  are  reason- 
ably safe  under  such  strains  as  might  be  reasonably  anticipated  in 
the  uses  for  which  they  are  intended. 

Intentate  Goal  Go.  v.  Shelton,  153  Southweetem,  1  (Kentucky),  February,  1913. 
Tktoeper  Goal  Go.  v.  Grawford,  153  Southwestern,  211  (Kentucky),  February,  1913. 

DUTT  OF  MINE  OPERATOR  TO  IN8PE0T  AND  GUARD  AGAINST  DANGER. 

It  is  the  duty  of  a  coal  company  operating  a  coal  mine  to  use 
ordinary  care  in  having  the  roof  inspected  by  its  mine  foreman 
where  such  roof  is  supported  only  by  pillars,  and  if  the  mine  foreman 
knows,  or  by  the  exercise  of  ordinary  care  should  have  known,  that 
the  mining  of  coal  by  miners  would  affect  the  roof  of  an  entry,  then 
it  was  the  duty  of  the  company  to  guard  against  the  danger  by  more 
securely  propping  the  roof  and  making  it  reasonably  safe,  and  if  the 
place  was  dangerous  and  unsafe  and  if  this  was  known  to  the  mine 
foreman,  or  should  have  been  known  to  him  by  the  exercise  of  ordir 
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nary  care,  and  a  miner  working  in  an-  entry  did  not  know  of  the 
dangerous  condition  of  the  roof,  and  by  the  exercise  of  ordinary  care 
could  not  have  known  of  the  danger,  then  the  company  is  liable 
to  such  miner  for  an  injury  caused  by  the  falling  of  the  roof. 

Ada  Goal  Co.  v,  Linville,  153  Southwestern,  Si  (Kentucky),  February,  1913. 

DUTY  TO  WABN  AND  INSTRUCT  MINER. 

Though  the  place  where  a  miner  works  is  reasonably  safe,  yet  the 
master  is  not  thereby  relieved  from  the  duty  of  warning  and  instruct>- 
hig  a  young  and  inexperienced  miner  that  the  service  is  dangerous  and 
is  one  in  which  an  inexperienced  miner  would  not  appreciate  or 
realize  the  danger. 

BarUey  v.  Elkhom  Consolidated  Coal  &  Coke  Co.,  162  Southwestern,  965  (Kentucky), 
January,  1912. 

DUTY  TO  INSTRUCT  INEXPERIENCED  MINER. 

The  fact  that  a  person  23  years  of  age  was  employed  and  paid 
miner's  wages  while  working  in  a  mine,  and  the  further  fact  that 
such  miner  had  worked  in  another  coal  mine  and  had,  previous  to  his 
employment  as  a  miner,  been  employed  as  a  car  driver,  will  not 
relieve  the  mine  owner  and  operator  employing  him  to  work  in  the 
mine,  with  knowledge  of  his  inexperience,  from  the  duty  of  warning 
him  when  he  changed  his  occupation  from  car  driving  to  mimng. 

•  Carney  Coal  Co.  v.  Benedict,  129  FfeMufic,  1024  (Wyoming),  February,  1913. 
DUTY  TO   EMPLOYEE  OF  INDEPENPENT  CONTRACTOR. 

A  mine  owner  who  had  contracted  with  a  third  party  to  mine  ore 
for  it  in  its  mine  but  who  operated  for  itself  the  cars  or  skips  for 
hauling  out  the  coal  and  transporting  the  employees  of  such  con- 
tractor, owed  to  an  employee  of  such  contractor  the  duty  of  pro- 
viding safe  passageways  and  means  of  conveyance  for  use  in  coming 
from  the  place  of  work. 

Bepublic  Iron  &  Steel  Co.  «.  Fuller,  60  Southern,  476  (Alabama),  December,  1912. 

DUTY  TO  CONVICT  MINER. 

A  coal-mine  operator  owes  a  convict  working  in  a  mine  the  duty 
of  doing  him  no  willful  harm  and  of  exercising  reasonable  care  for 
his  personal  safety,  and  the  doctrine  of  assumption  of  risk  from  the 
negligence  of  fellow  servants  does  not  apply  to  such  convict,  as  he  is 
under  involuntary  servitude  and  has  no  power  to  quit  the  employment. 

Sloes-Sheffield  Steel  A  Iron  Co.  v.  Weir,  60  Southern,  851  (Alabama),  January,  1913. 
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DUTT  TO   GUARD  ELBOTBIO   WIRES. 

It  s  the  duty  of  a  mining  company  to  protect  its  live  trolley 
wires  by  trough  or  other  practical  device,  and  thus  make  the  place  safe 
for  miners  who  may  be  working  under  or  near  such  wire,  and  espe- 
ciallj  where  the  floor  of  a  mine  or  of  a  stope  is  wet  and  slippery 
and  where  there  is  danger  of  a  miner  accidentally  slipping  and  the 
tools  or  implements  with  which  he  is  working  thereby  coming  in 
contact  with  such  electric  wire. 

WilliimB  V.  Bunker  Hill  A  Sullivan  Mining,  etc.,  Co.,  200  Fed.,  211,  October,  1912. 
Dimr  TO  FURNISH  SATE   BLBCTRIOAL  APPLIANCES. 

A  nniTiing  company  operating  its  tram  cars  in  its  mine  by  elec- 
trical power  is  not  bound  to  use  the  greatest  possible  care,  but  it 
is  its  duty  to  use  ordinary  care  to  make  such  appliances  reasonably 
safe,  and  the  duty  of  diligence  is  greater  where  the  mechanism  or 
the  agency  employed  is  highly  hazardous. 

Meola  V.  Quincy  Mining  Co.,  140  Northweftem,  460  (Michigan),  March,  1913. 

PLAGE  HADE  UNSAFE   BY  MINER. 

A  coal  company  operating  a  coal  mine  was  held  Uable  to  a  miner 
injured  by  falling  of  slate  from  the  roof  where  the  mine  foreman 
directed  the  miner  and  his  partner  or  ''buddy"  to  mine  out  a  pillar 
and  directed  what  to  do  and  how  to  do  it,  and  where  after  cutting 
into  the  pillar  6  or  8  inches  and  removing  the  coal  the  roof  fell, 
causing  the  injury,  and  wher^  it  was  shown  that  the  mine  foreman 
knew  that  the  roof  of  an  entry  becomes  rotten  from  the  action  of 
the  air  upon  it  and  admitted  that  the  slate  would  not  have  fallen 
if  it  had  not  been  loose,  but  he  made  no  inspection  of  the  roof,  though 
he  could  have  discovered  its  condition  by  sounding  it  with  a  pick, 
and  where  it  also  appeared  that  the  slate  would  not  have  fallen 
if  the  6  or  8  inches  of  coal  had  not  been  removed,  but  where  the 
condition  of  the  roof  was  not  known  to  the  miner  and  it  was  shown 
that  the  mine  foreman  had  previously  put  up  one  prop. 

Ada  Goal  Co.  v.  Idnville,  153  Southwestern,  21  (Kentucky),  February,  1913. 

PROOF  OF  INSUFFICIENT   INSPECTION. 

In  an  action  by  a  miner  for  damages  for  injuries  caused  by  the 
fallmg  of  a  part  of  a  roof  m  a  mine  the  evidence  ordinarily  must 
be  confined  to  the  condition  of  the  roof  in  the  particular  part  of 
the  mine  where  the  accident  occurred;  but  where  the  mine  owner 
introduced  evidence  to  show  that  the  mine  was  inspected  daily 
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by  three  competent  persons  the  injured  miner  then  had  the  right 
to  show  that  such  inspections  were  neither  competent  nor  thorough, 
and  one  way  of  domg  this  was  to  show  the  faulty  and  defective 
condition  of  the  roof  of  the  mine  in  parts  other  than  where  the 
injury  occurred. 

Trospeor  Coal  Co.  v.  Crawford,  153  Southwestern,  211  (Kentucky),  February,  1913. 
DEFEOTIYE  TRACKS   USED   FOR  HAULING   COAL   CABS. 

It  is  the  duty  of  a  coal-mine  operator  to  use  ordinary  care  to 
furnish  its  employees  and  miners  a  reasonably  safe  place  in  which 
lo  work,  and  if  an  operator  failed  to  use  reasonable  care  to  make 
the  tracks  or  tram  road  used  for  hauling  coal  from  its  mine  in  a 
reasonably  safe  condition,  and  its  defectiye  condition  was  known 
or  could  have  been  known  to  the  operator  by  the  exercise  of  ordi- 
nary care,  and  was  not  known  to  a  rope  driver,  or  such  defect 
was  not  so  obvious  that  the  driver  could  by  the  exercise  of  ordinary- 
care  in  the  discharge  of  his  duty  have  known  such  defect,  and 
by  reason  of  such  defect  the  car  on  which  the  driver  was  riding 
was  derailed  and  wrecked  and  the  driver,  while  using  ordinary  care 
for  his  own  safety,  was  thereby  injured,  he  is  entitled  to  recover 
damages  for  such  injury. 

Bell-Knox  Coal  Co.  t>.  Gregory,  153  Southwestern,  465  (Kentucky),  February,  1913. 

ACTS   OP   VICE   PRINCIPAL. 

Where  miners  were  using  a  dump  car  to  haul  the  excavated  earth 
from  a  prospect  shaft  in  process  of  sinking,  and  the  employer  had 
placed,  or  caused  to  be  placed,  a  block  or  bumper  upon  the  rail  to 
prevent  the  car  from  running  over  the  collar  of  the  shaft,  the  employer 
was  in  duty  bound  to  place  a  bumper  reasonably  sufficient  for  such 
purpose;  and  this  duty  so  plainly  belonged  to  the  employer  in  pro- 
viding a  safe  place  for  the  miners  to  work  that  it  was  wholly  imma- 
terial, in  an  action  by  a  miner  for  injuries  caused  by  reason  of  the 
bumper  being  insufficient,  as  to  the  person  actually  performing  the 
mechanical  labor  in  placing  the  bumper,  if  the  injured  miner  himself 
had  no  part  in  placing  it,  and  if  the  bumper  was  placed  by  another 
miner  or  employee  he  was,  as  to  the  particular  act,  a  vice  principal. 

Eilleen  v.  Barnes-King  Development  Co.,  127  Pacific,  89  (Montana),  October,  1912. 

CONVICT  MINER  AS   SUPERINTENDENT — ^LIABILITT. 

A  coal-mine  operator  employing  convicts  to  work  in  its  mine  may 
intrust  superintendence  and  authority  to  one  of  such  convicts  over 
their  fellow  workers  the  same  as  if  there  existed  a  voluntary  contract 
of  employment,  but  when  the  operator  so  constitutes  a  convict  its 
agent  and  servant  for  certain  purposes,  it  can  not  receive  the  benefit 
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of  sudi  senrice  and  at  the  same  time  exempt  itself  from  liability  for 
the  negiigeiice  of  such  constituted  agent. 

SloB»&eflKeld  Steel  A  lion  Go.  v.  Weir,  60  Southern,  851  (Alabama),  January, 
1113. 

mjUBY  TO  OOAL-CAB  DSIYEB. 

A  diwer  of  a  car  in  a  coal  mine  is  entitled  to  recover  for  injuries 
caused  by  falling  coal  where  the  mine  owner  and  operator  failed  to 
make  proper  inspection  and  failed  to  warn  the  driver  of  the  danger, 
or  properly  support  the  roof  to  prevent  falling  of  loose  material, 
where  it  was  no  part  of  the  driver's  duty  to  inspect  the  roof  of  the 
mine  or  report  any  dangerous  conditions  in  the  roof,  and  where  the 
defect  and  danger  was  not  so  open,  patent,  and  of  such  a  nature  as 
to  be  discoverable  by  the  driver  passing  along  the  entry  in  the  dis- 
chaige  of  bis  duties. 

Fadxie  Greek  Goal  Mining  Co.  v.  Kittiell,  153  Southwestern,  69  (ArkanBas),  Decem- 
ber, 1912. 

B.  BIOH!rS  AND  DTTTEBS  OF  MINBB. 
MINSB  MAKINO   WORKINO  PLACE   SAFE. 

The  rule  that  it  is  the  duty  of  a  master  to  furnish  safe  working 
places  for  his  servants  applies  to  mine  owners  and  operators,  but  the 
rule  does  not  apply  where  a  miner  is  employed  in  a  mine  and  is  mak- 
ing his  own  pltite  to  work  in,  and  where  such  place  is  the  result  of 
the  particular  work  for  which  the  miner  was  employed,  or  where  the 
place  is  inherently  dangerous  and  necessarily  changes  as  the  work 
progresses. 

Creede  United  Ifinee  Go.  v.  Hawman,  127  Pacific,  924  (Colorado),  November,  1912. 

mineb's  wobkino  plage. 

A  mine  operator  is  not  required  to  use  ordinary  care  to  furnish  a 
miner  a  safe  working  place  where  such  miner  is  mining  coal  in  a  room 
or  entry  in  a  mine  and  which  by  reason  of  the  work  of  mining  is  con- 
stantly shifted  and  changed  as  the  direct  result  of  the  mining,  and 
eepecially  so  where  a  statute  makes  it  the  duty  of  the  miner  to  prop- 
erly prop  the  roof  of  his  working  place. 

Proctor  Goal  Go.  v.  Beaven,  152  Southweatem,  965  (Kentucky),  January,  1913. 
HINEB  HAT  ASSX7HE  HIS   WOBKINO  PLAGE   IS   SAFE. 

A  miner  whose  duty  it  is  to  drill  blast  holes  that  are  charged  with 
dynamite,  for  the  purpose  of  breaking  down  coal  in  a  mine,  has  the 
right  to  assume  that  the  mine  boss,  in  accordance  with  his  duties, 
has  examined  the  holes  after  the  blast  to  see  that  all  shots  have  been 
properly  fired,  and  may  return  to  his  place  of  work  after  such  mine 
boss  has  made  his  inspection  under  such  assumption,  and  he  may 
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recover  for  an  injury  occasioned  by  the  failure  of  the  mine  boas  to 

dbcharge  this  duty. 

Cook  V.  CmnbeiTy  Furnace  Co.,  76  Sotttheasteni,  473  (North  Caiolina),  Novem- 
ber, 1912. 

DUTY  TO  KEEP  ENTRY  SAFE — USE  OF  PROPS. 

The  statute  of  Tennessee  imposes  upon  the  miner  the  duty  to  keep 
the  roof  of  his  working  place  properly  propped  and  timbered  to  pre- 
vent falling  rock  or  slate,  and  a  failure  of  a  miner  to  properly  prop 
the  roof  of  his  working  place  will  defeat  a  recovery  for  any  conse- 
quential injury,  unless  it  is  shown  that  the  mine  operator  failed  to 
furnish  the  proper  timbers. 

Proctor  Coal  Co.  i;.  Beavers,  152  Southwestern,  965  (Kentucky),  January,  191S. 
miner's  RELIANCE   ON  FOREMAN'S  JUDOMENT. 

Where  a  miner  was  not  chained  with  the  duty  of  inspecting  or 
keeping  in  reasonably  safe  condition  the  room  or  entry  in  which  he 
works  and  had  the  right  to  rely  upon  the  mine  foreman's  inspecting 
and  keeping  the  place  reasonably  safe,  the  miner  will  not  be  justified 
in  relying  upon  the  assurance  of  the  mine  foreman  that  the  room  or 
entry  was  safe  if  the  danger  was  so  obvious  that  he  knew  or  must 
have  known  it;  but  if  the  mine  operator  or  the  mine  foreman  gave  the 
miner  to  understand  that  he  did  not  consider  the  risk  one  which  a 
prudent  man  would  refuse  to  undertake,  then  the  miner,  notwith- 
standing his  knowledge  of  the  danger,  may  rely  upon  the  master  or 
foreman's  judgment,  and  may  recover  in  case  he  is  injured. 

Sunrise  Coal  Co.  v.  McDaniel,  150  Southwestern,  3  (Kentucky),  October,  1912. 
C.  OONTBAOTS  KELATINO  TO  OPEBATIONS. 
POWER  OP  MINING  CORPORATION  TO  CONTRACT. 

A  zinc-mining  company  owning  and  operating  mines  entered  into  a 
contract  by  which  it  agreed  to  sell  and  deliver  zinc  concentrates  at  the 
rate  of  100  tons  weekly  for  three  years,  commencing  at  a  future  date. 
On  the  subsequent  operation  of  the  mines  the  corporation,  discover- 
ing that  it  could  not  produce  sufficient  ore  and  concentrates  to  fulfill 
the  contract,  was  authorized  under  its  charter  to  purchase  sufficient 
ore  and  concentrates  with  which  to  fulfill  its  contracts. 

Young  V.  United  States  Zinc  Cos.,  198  Fed.,  p.  593,  September,  1912. 
POWER  OF  GENERAL  MANAQER  OF  OIL  COMPANY  TO  MAKE  CONTRACTS. 

The  general  manager  of  an  oil  company  has  implied  authority  to 
bind  the  company  by  a  contract  for  the  employment  of  a  superin- 
tendent of  the  company's  refineries  for  a  period  of  one  year,  and  to 
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agree  <m  the  compensation  that  should  be  paid  him,  where  such  gen- 
enl  manager  also  has  the  power  to  dischai^e  employees  within  a 
year  for  incompetency,  disloyalty  to  the  company,  or  insubordina- 
tkm  in  refusing  to  obey  the  orders  of  the  general  manager. 

Uuaom  V.  Uncle  Sam  Oil  Co.,  128  Pacific,  385  (Kansas),  December,  1912. 
POWEB  OF  SUPEBINTENDENT  OF  MINING  OOMPANT. 

An  c^cer  and  superintendent  of  a  Tnining  company,  placed  in 
charge  of  the  company's  plant  and  mine  by  the  board  of  directors 
without  haying  his  powers  and  duties  defined,  has  the  right  as  such 
officer  or  agent  to  enter  into  such  contracts  only  as  are  usual  and 
necessary  to  carry  on  the  company's  busiuess  according  to  general 
custom  and  usage  of  the  coal-mining  busmess  in  the  particular  terri- 
toiy,  and  whether  or  not  a  contract  made  by  such  ofBlcer  or  agent 
was  a  special  and  unusual  one,  or  whether  it  was  usual  and  necessary 
to  carry  on  the  business,  was  a  question  of  fact  to  be  determined  by 
a  jury. 

Raven  Bed  Aah  Coal  Co.  v.  Heixon,  75  Southeastern,  752  (Virginia),  September, 
1912. 

LIABIUTY  FOB  INJUBT  TO   INDEPENDENT  CONTRACTOR. 

A  contractor  employed  by  a  coal  company  operating  a  mine  to  drire 
a  certain  entry  and  air  course,  and  for  which  he  was  paid  so  much  per 
yard  in  the  heading  and  employed  his  own  help  and  was  only  under 
the  direction  of  the  engineers  of  the  coal  company,  can  not  recover 
damages  of  the  coal  company  for  an  injury  received  by  the  fall  of 
rock  from  the  roof  of  the  entry  driven  by  him,  and  there  is  no  violation 
of  the  Alabama  statute  where  the  coal  company  kept  a  sufficient  sup- 
ply of  props  and  limbers  to  prop  the  roof  of  the  mine. 

Bowen  v.  Fiennaylvania  Coal  Co.,  60  Southern,  835  (Alabama),  January,  1913. 
OIL  AND  QA8  LEASES — WRIGHTS  AND  LIABILITIES  OF  PARTIES. 

Where  one  of  three  parties  engaged  in  the  joint  enterprise  of 
procuring,  improving,  and  handling  oil  and  gas  leases  and  prop- 
erties caused  wells  to  be  drilled  on  his  own  land  that  were  turned 
into  the  common  holdings,  the  expense  of  such  drilling  must  be 
borne  by  the  parties  as  a  common  expense,  including  the  expense 
of  dry  and  unproductive  wells. 

Smith  V.  Harris,  12S  Pacific,  378  (Kansas),  December,  1912. 

B.  XETHOBS  OF  OFEBATZNO-BIOHTS  ANB  LIABILITrBS. 

STOPB — ^liEANINQ. 

A  stope  k  a  working  above  or  below  a  level  where  the  mass  of 
the  ore  body  is  broken.  It  is  also  defined  to  be  any  excavation  for 
extraction  of  ore,  as  distinguished  from  a  shaft,  drift,  airway,  etc. 
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So  a  slope  is  said  to  be  the  very  antithesis  of  a  shaft,  tunnel,  drift, 
winze,  or  other  similar  excavation  in  a  mine  which  has  been  finished 
and  completed. 

Creede  United  Mines  Go.  v.  Hawman,  127  Pacific.  924  (Colondo),  November,  1912. 

DtPTT  TO   VENTILATE. 

The  statute  of  Washington  requires  that  every  coal  mine  shall  have 
and  get  sufficient  ventilation,  the  amount  of  air  in  circulation  to  be 
not  less  than  100  cubic  feet  per  minute  for  each  man  or  animal  in 
the  mine,  and  the  air  must  be  made  to  circulate. 

Dollar  V.  Northwestern  Improvement  Co.,  129  Pacific,  578  (Waahinffton),  January, 
1913. 

It  is  a  sufficient  compliance  with  the  statute  of  Illinois  where  a 
mine  inspector  examined  a  room  in  the  mine  on  a  morning  before 
the  miners  began  work  and  indicated  the  unsafe  condition  of  the 
roof  by  chalk  marks  thereon,  pointing  out  to  the  miner  that  a  prop 
should  be  placed  under  the  unsafe  roof,  and  accordingly  the  miner 
placed  a  suitable  prop  thereunder,  but  this  was  knocked  down  by 
a  blast  during  the  day,  and  on  the  following  morning  before  the 
miner  commenced  work  the  mine  inspector  again  entered  the  mine, 
and  perceiving  the  chalk  marks  on  the  roof  were  stiU  plainly  visible 
made  chalk  marks  on  the  face  of  the  coal,  indicating  the  date  of 
the  inspection.  Under  such  circumstances  the  mine  operator  was 
not  liable  to  the  miner  injured  by  a  faU  of  rock  from  the  roof  while 
removing  the  gob  preparatory  to  setting  a  prop. 

Eildufi  V,  Consolidated  Coal  Co.,  99  Northeastern,  783  (Illinois),  October,  1912. 

DUTY  OF  MINE   EXAMINEB. 

Under  the  statute  of  Illinois  a  mine  examiner  is  required  at  all 
mines,  and  it  is  his  duty  to  visit  the  mine  before  the  miners  are 
permitted  to  enter  it  and  see  that  the  air  current  is  traveling  in  its 
proper  course  and  in  proper  quantity,  and  for  this  purpose  he  is 
required  to  measure  with  a  suitable  instrument  the  amount  of  air 
passing  in  the  last  crosscut  or  break-through  of  each  pair  of  entries 
or  in  the  last  room  of  each  division  in  a  long  wall  mine  and  at  all 
other  points  where  he  deems  it  necessary,  and  the  result  of  these 
observations  must  be  noted  in  the  daily  book  kept  for  that  purpose, 
and  a  recovery  by  a  miner  injured  by  an  explosion  of  gas  because 
of  the  failure  of  the  mine  operator  to  comply  with  this  statute  will 
not  be  defeated  because  the  miner  passed  under  a  canvas  curtain 
hung  at  the  door  of  the  entry,  where  there  was  no  sign  of  warning 
and. nothing  to  indicate  the  presence  of  danger. 

Colesar  v.  Star  Coal  Co.,  99  Norlheaslem,  709  (Illinois),  October,  1919. 
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FELLED  STOPS — ^ICETHOD  OF  FILI.INO. 

A  "filled  stops "  is  one  where  the  waste  rock  taken  out  of  the 
?em  is  left  on  the  floor  of  the  stope  in  order  to  raise  the  floor  as 
the  work  proceeds.  If  there  is  insufficient  material  from  the  vein 
matter,  it  is  the  custom  to  blast  into  the  side  walls  in  order  to  obtain 
sufficient  filling  matter,  so  that  the  floor  may  be  kept  conyeniently 
dose  to  the  roof  to  facilitate  the  drilling  into  the  roof  of  the  stope, 
and  under  such  circumstances  timbers,  stull-timbers,  or  lagging  are 
usually  unnecessary,  except  lagging  may  be  used  to  construct  a  crib 
for  such  conyenient  working. 

Creede  United  Mines  Go.  v,  Hawman,  127  Pacific,  924  (Goloiado),  November,  1912. 
GOAL  WRONGFULLY  lONED — ICEASUBE   OF  DAMAGES. 

Where  coal  is  wrongfully  mined  from  another's  land,  but  in  good 
faith  and  as  the  result  of  an  honest  mistake,  the  measure  of  damages 
is  the  value  of  the  coal  taken  as  it  lay  in  the  mine,  or  the  usual  rea- 
sonable royalty  paid  for  the  right  of  mining,  and  the  royalty  in  such 
case  is  the  price  paid  for  coal  as  it  lies  in  the  earth,  and  the  fair 
market  price  is  the  usual  standard  for  measuring  the  value;  and  the 
owner  can  not  ask  more  where  coal  has  been  taken  innocently  under 
an  honest  mistake  as  to  the  location  of  the  boundary  line. 

Burke  Hollow  Goal  Co.  v.  Lawwm,  151  Southwestern,  667  (Kentucky),  December, 
1912. 

E.  STATUTOBT  BBGTJI^ATIONS— EFFECT  AKB  NONOBSEBVAKOB. 

YALIBITY  OF   LAWS   REOUUITINO   MINES. 

A  law  which  protects  the  Uves,  health,  safety,  and  comfort  of  the 
miners  is  within  the  police  power  of  a  State. 

Booth  V.  State,  100  Northeastem,  563  (Indiana),  January,  1913. 

PBOSECXTnONS  FOB  YIOLATIONS  OF  KININO  LAWS. 

The  fact  that  the  mining  act  of  1905  of  the  State  of  Indiana  places 
upon  the  inspector  of  mines  the  duty  to  see  that  its  provisions  are 
enforced  does  not  necessarily  limit  the  right  to  institute  prosecutions 
for  the  violations  of  the  act  to  the  inspector  or  his  deputies. 

Makne  v.  State,  100  Noriheafltem,  567  (Indiana),  January,  1913. 

VIOLATION  AS   EVIDENCE  OF  NEOLIOENOE. 

The  mere  violation  of  a  statute  is  not  even  prima  facie  evidence  of 
actionable  negligence,  except  when  a  court  can  say  as  a  matter  of 
law  that  the  consequences  against  which  the  statute  was  intended  to 
provide  have  actually  ensued  from  its  violation. 

DickmaoQ  «.  Stuart  CoUiery  Co.,  76  Southeastern,  654  (West  Virginia),  November, 
1912. 
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INADYEBTENT  FAILUBE  TO   COMFLT. 

An  action  may  be  maintained  for  an  injury  to  a  xniner  or  for  the 

death  of  a  miner  caused  by  the  failure  of  the  mine  operator  to  comply 

with  a  coal-mining  statute,  whether  the  operatorfs  failure  to  comply 

with  the  statute  was  a  mere  inadvertence  or  a  willful  violation. 

Peabody  Alwert  Coal  Co.  v.  Yandell,  100  Northeastern,  758  (Indiana),  February, 
1913. 

OPINION  OF   WITNESS  AS  TO  OOMPLIANGB. 

In  an  action  by  a  miner  against  a  mine  operator  for  damages  for 
injuries  caused  by  falling  down  a  stairway  in  a  shaft,  due  to  the  lack 
of  proper  banisters  to  the  stairway,  a  witness  can  not  state  that  in 
his  opinion  the  mine  was  in  good  condition  and  was  operated  in  com- 
pliance with  the  State  mining  laws,  as  this  would  involve  a  con- 
struction of  the  mining  laws  on  the  part  of  the  witness  himself;  nor 
can  he  state  that  the  entries  and  driveways  were  in  a  safe  condition, 
but  must  state  their  maimer  of  construction  and  leave  it  for  the  jury 
to  determine  whether  the  mine  was  properly  and  safely  constructed. 

Consumers  Lignite  Go.  v.  Hubner,  154  Southwestern,  249  (Texas),  March,  1913. 

DUTIES  OF  MINE  BOSS. 

The  statutes  of  Indiana  require  a  mine  boss  to  see  that  every 
working  place  is  properly  secured  by  timbering  and  that  a  sufficient 
amount  of  timbers  are  always  on  hand  at  the  miner^s  working  place, 
and  when  an  unsafe  place  is  reported  to  such  mine  boss,  then  no  one 
shall  enter  the  place  except  for  the  purpose  of  making  it  safe;  and  the 
statutes  do  not  contemplate  that  the  ordinary  mine  work  should  con- 
tinue in  such  dangerous  place,  but  on  the  contrary  that  it  should 
cease  until  the  place  is  made  safe. 

Peabody  Alwert  Coal  Co.  v.  Yandell,  100  Northeastern,  768  (Indiaaa).  Febniarv 
1913.  ^' 

FAILtTBE  TO  EMPLOY  MINE   BOSS. 

It  is  a  violation  of  the  statute  of  West  Virginia  for  a  coal  mining 
company  to  fail  or  refuse  to  employ  a  mine  boss,  and  it  is  also  a 
violation  of  the  statute  for  a  coal  mining  company  operating  its  own 
mine  to  remove  a  mine  boss  and  undertake  itself  to  superintend  the 
care  of  the  roof  of  its  mine  and  the  maintenance  of  its  safety,  and  it 
is  liable  to  a  miner  injured  by  the  fall  of  slate  or  rock  from  the  roof 
of  the  mine  permitted  by  the  company  to  become  and  remain  unsafe. 

Peterson  v.  Paint  Creek  CoUieriee  Co.,  76  Southeastern,  604  (Wert  Vinrinia)  Novem 
ber,  1912.  *       ''    «t««- 

DAILT  INSPEOTION  OF  MINE. 

The  statute  of  Missouri  requires  a  daily  inspection  of  mines  gen- 
erating explosive  gas  in  which  men  are  employed;  but  this  statutory 
rule  does  not  apply  to  mines  not  generating  explosive  gas,  and  as  to 
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such  mineB  the  duty  of  the  mine  owner  and  operator  is  defined  by 
the  general  rule  requiring  a  master  to  exercise  reasonable  care  to 
provide  his  serrant  a  reasonably  safe  place  in  which  to  work. 

Goodev.  Central  Coal  &  Coke  Co.,  151  Southwestern,  508  (Miflaoari),  November,  1912. 

FAILUBE  TO  YSNTILATE  MINE. 

In  an  action  by  a  miner  for  injuries  on  the  ground  of  negligence 
of  the  operator  in  failing  to  properly  ventilate  its  mine,  as  required  by 
the  statute  of  Washington,  the  quantity  of  air  necessary  for  the 
proper  ventilation  can  not  be  measiu-ed  by  the  judgment  of  a  witness, 
but  must  be  determined  by  the  requirements  of  the  statute. 

Dollar  V.  Northweetem  Improvement  Co.,  129  Pacific,  578  (Waahington),  January, 
1S13. 

UABIUTT     FOB    FKBMnnNa    BOADWAY8    TO     BECOME     OBSTBUCTED. 

A  mine  operator  is  liable  for  an  injiu*y  to  a  miner  caused  by  per- 
mitting dangerous  obstructions  to  accumulate  in  a  roadway  of  a 
mine  where  miners  and  employees  are  required  to  pass  or  work  in 
performing  their  duties  and  where  the  permitting  of  such  obstruc- 
tioDs  is  in  violation  of  a  statute. 

Ellen  V.  Marion  County  Coal  Co.,  101  Northeastern,  58  (IlliDois),  February,  1913. 

BEFUOE   HOLES   BEQUIBED. 

The  statute  of  West  Virginia  makes  it  the  duty  of  the  mine  owner 
to  see  that  refuge  holes  are  properly  made  aloi^  motor  roads  in 
coalmines. 

ICay  9.  Davia  Coal  Co.,  76  Southeastern,  342  (West  Virginia),  October,  1912. 

DUTY  TO  FUBNISH  PBOPS. 

A  mine  operator  does  not  comply  with  the  statute  of  Kentucky 
imposing  on  him  the  duty  of  furnishing  suitable  props  where  he 
merely  furnished  such  props  to  a  youthful  and  inexperienced  miner 
who  was  not  sufficiently  skilled  in  mining  to  know  how  to  set  such 
props,  and  where  the  operator  failed  either  to  instruct  such  miner  or 
fumisli  an  experienced  miner  to  instruct  or  help  him  in  setting  the 
props. 

Bartiey  v.  Slkhom  Coal  d  Coke  Co.,  152  Southwestern,  965  (Kentucky),  January, 
1913. 

FAILUBE  TO  FUBNISH  TIMBEBS. 

A  mine  operator  can  not  be  held  liable  for  failure  to  furnish  a  safe 
workmg  place  for  a  miner  because  of  his  failure  to  comply  with  the 
requisitions  of  a  mine  boss,  as  required  by  the  statute  of  West  Vir- 
ginia, on  a  mere  notice  by  such  mine  boss  of  his  inability  to  remedy 
a  defect  and  remove  a  ''pot"  or  ''kettle  bottom''  in  the  roof  of  a 
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haulageway,  since  both  operator  and  mine  boss  continue  under  legal 
duties  after  such  notice,  and  such  a  notice  does  not  absolve  the  mine 
boss  from  further  duty,  and  it  was  still  incumbent  on  him,  under  the 
statute,  to  do  the  work  or  have  it  done  if  the  mine  operator  furnished 
the  materials,  machinery,  and  labor;  and  to  render  the  operator 
liable  it  must  be  shown  that  he  failed,  pursuant  to  such  requisition, 
to  furnish  the  necessary  materials,  machinery,  and  labor. 

Peteraon  v.  Paint  Greek  Collieries  Co.,  76  Southeafltem,  664  (West  Virginia),  Novem- 
ber, 1912. 

The  statute  of  Indiana  imposes  on  mine  operators  the  duty  of  sup- 
plying the  working  places  of  a  miner  with  the  timbers  needed  from 
time  to  time  as  the  work  progresses  in  order  to  make  his  working 
place  secure,  and  the  law  requires  the  mine  boss  to  visit  the  mine 
every  alternate  day,  and  the  operator  of  a  mine  can  not  escape  liability 
for  injury  to  a  miner  caused  by  falling  coal  because  the  miner  did  not 
register  on  the  blackboard  a  request  for  props  and  timbers,  as  pro- 
vided by  the  statute,  where  the  mine  boss  had  knowledge  that  the 
necessary  timbers  were  not  supplied  in  the  miner's  working  place. 

Peabody  Alwert  Coal  Co.  v.  Yandell,  100  Northeastern,  758  (Indiana),  February, 
1913. 

miner's   NOnOE   FOB  DOUBLE   TIMBEBINa. 

The  statute  of  Iowa  makes  it  a  misdemeanor  for  a  miner  to  neglect 
or  refuse  to  securely  prop  or  support  the  roof  and  entries  under  his 
control;  but  where  the  coal  operators  and  the  mine  workers  entered 
into  an  agreement  to  the  effect  that  where  a  miner  has  properly  tim- 
bered his  room  or  entry  and  the  roof  from  any  cause  becomes  so 
heavy  as  to  require  double  timbering,  then  the  mine  operator  shall, 
when  notified  by  the  miner,  do  the  necessary  work  to  protect  the 
roadway,  and  a  miner  is  not  subject  to  a  charge  of  a  violation  of  the 
statute  and  is  not  guilty  of  contributory  negligence  where  he  had 
securely  propped  the  roof  and  had  notified  the  mine  operator  that 
double  timbering  was  required. 

Biaddich  v.  Phillips  Coal  Co.,  138  Northwestern,  406  (Iowa),  November,  1912. 
LIABILITT  OF  OPBBATOB   FOB  INJUBIES   FBOM  FALLING   COAL. 

An  allegation  in  a  complaint  in  an  action  by  a  miner  for  injuries 
caused  by  falling  coal,  to  the  effect  that  the  mine  boss  knew  that  the 
roof  was  insecure  and  defective  and  in  a  condition  to  fall  at  any  time, 
and  that  such  mine  boss  had  such  knowledge  for  a  period  of  from  two 
to  six  days  preceding  the  injury  and  in  time  to  have  taken  down  the 
loose  material  that  caused  the  injury,  is  sufficient  as  an  averment  of 
the  actual  dangerous  condition  of  the  roof. 

Domestic  Block  Coal  Co.  v.  De  Armey,  100  Northeastern,  675  (Indiana),  January, 

1813* 
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DtrmSS   OF  OPEBATOB  TO   BEMOYE  L008B  MATEBIAL. 


The  Indiana  statute  of  1897  providing  that  all  loose  coal,  slate,  and 
rock  overhead,  where  miners  have  to  travel  to  and  from  their  work, 
must  be  carefully  secured,  was  amended  by  the  act  of  1905  by  the 
addition  of  a  provision  that  such  loose  coal,  slate,  or  rock  should  be 
taken  down  or  carefully  secured,  and  the  purpose  of  the  amendment 
was  to  compel  the  removal  of  loose  material  in  places  where  it  was 
impracticable  to  secure  the  same  by  means  of  props  and  timbers, 
and  the  provision  includes  a  way  or  track  in  a  room  in  which  miners 
are  working  as  well  as  travel  ways  through  the  mine. 

Domestic  Block  Goal  Co.  v.  De  Anney,  100  Northeastern,  675  (Indiana),  January, 
1913. 

WOBEIKO  MOBB  THAN   EIOHT  HOUBS   A  DAT. 

The  statute  of  Montana  prohibits  a  mine  owner  from  employing 
miners  to  work  more  than  eight  hours  a  day  in  a  mine  and  also  pro- 
hibits miners  from  working  more  than  eight  hours  a  day,  and  a  violar 
tion  of  the  statute  is  legal  negligence,  and  if  a  violation  of  the  law 
on  the  part  of  a  mine  operator  is  negligence  and  the  proximate  cause 
of  an  injury  resulting  to  a  miner,  so  the  disobedience  of  the  statute 
by  the  miner  himself  must  be  regarded  as  a  contributing  proximate 
cause,  and  the  disobedience  is  concurrent  and  the  injury  is  the  result 
of  the  concurrent  causes  operating  to  the  same  end,  and  the  miner 
can  not  recover,  for  the  reason  that  in  alleging  the  injury  he  must 
necessarily  show  his  own  contributing  fault. 

Melville  v.  Butte-Balalava  Copper  Co.,  130  Pacific,  441  (Montana),  February,  1913. 

PEBSON  8EBVINO  AS  HOISTINa  ENOINBBB  WTTHOITr  CEBTIFICATE. 

An  indictment  against  a  person  under  the  statute  of  Indiana  for 
serving  as  a  hoisting  engineer  in  a  coal  mine  without  a  certificate  of 
competency  is  not  required  to  negative  the  statutory  provision  that 
fewer  than  10  men  were  employed  in  the  mine,  as  that  is  a  matter  of 
defense. 

Makne  «.  State,  100  Northeastern,  567  (Indiana),  January,  1913. 

BMPLOTMBMT  OF  BOY  IN  MINE. 

The  statute  of  Alabama  providing  that  no  woman,  and  no  boy 
under  the  age  of  14  years,  shall  be  employed  in  a  mine  was  intended 
to  protect  women  and  children  of  tender  age  from  incurring  the 
hazard  and  danger  incident  to  the  operation  of  mines  by  absolutely 
preventing  their  employment;  and  the  statute  requires  the  mine 
owner  or  operator  to  see  and  know  that  those  employed  are  not 
within  the  prohibited  class,  and  the  statute  must  be  liberally  con- 
strued, so  as  to  effectuate  the  humane  intent  of  the  legislature. 

De  Soto  Cod  MuuQg  &  Development  Co.  v.  Hill,  60  Southern,  683  (Alabama), 
December,  1912. 
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EMPLOYMENT  OP  BOY — LIABILITY  FOB  INJURY. 

The  employment  of  a  boy  under  the  age  of  14  years  in  a  coal  mine 
is  a  violation  of  the  statute  and  constitutes  actionable  n^ligence 
whenever  such  violation  is  the  natural  and  proximate  cause  of  the 
injury^  though  the  boy  himself  may  have  negligently  contributed  to 
his  own  injury,  if  such  contributory  negUgence  was  of  that  character 
for  which  the  statute  was  intended  with  respect  to  boys  of  that  age, 
for  the  reason  that  boys  employed  in  violation  of  a  statute  can  not 
be  regarded  as  having  assumed  the  risks  of  any  injuries  resulting 
from  the  ordinary  operations  of  a  coal  mine. 

DicldiiBon  v.  Stuart  Colliery  Co.,  76  Southeastern,  654  (West  Viiginia),  November, 
1912. 

INJUBY  TO   BOY  OF  PBOHIBrrED   AGE. 

A  mining  company  employing  a  boy  under  14  years  of  age  to  work 
in  its  mine  in  violation  of  the  statute  of  Alabama  is  Uable  to  him  for 
injuries  resulting  by  reason  of  such  employment,  and  in  such  case 
it  is  not  a  question  as  to  whether  or  not  the  Tnining  company  believed 
the  boy  was  over  the  prohibited  age,  nor  is  it  necessary  that  injury 
must  result  as  a  proximate  cause  of  some  act  or  omission  of  the  boy 
in  the  discharge  of  his  duty;  but  the  right  of  action  arises  where  the 
injury  resulted  from  the  employment  and  was  incident  to  any  of  the 
risks  or  dangers  in  or  about  the  business,  and  this  Uability  is  not 
excused  by  reason  of  false  representations  by  the  boy  or  anyone  else 
as  to  his  age,  and  such  representations  do  not  estop  him  from  a 
recovery  for  the  injuries  sustained. 

De  Sotu  Mining  &  Development  Go.  v.  Hill,  60  Southern,  583  (Alabama),  December, 
1912. 

EMPLOYMENT   OP   BOY  WITH  PATHEB's   CONSENT. 

Where  a  father  was  a  party  to  a  contract  of  employment  of  his 
son  under  12  years  of  age  in  a  coal  mine,  in  violation  of  the  statute 
of  West  Virginia,  and  the  boy  was  killed  by  an  explosion  in  the  mine 
and  the  father  was  the  sole  beneficiary  of  any  recovery,  the  contribu- 
tory negUgence  of  the  father  in  respect  to  such  employment  will 
prevent  his  recovery  against  the  mine  operator  for  damages  unless 
such  owner  or  operator  was  himself  guilty  of  some  act  of  negligence 
that  was  the  proximate  cause  of  the  explosion  and  the  consequential 
death  of  the  boy. 

DickinBon  v.  Stuart  Colliery  Co.,  76  Southeastern,  654  (West  Vimnia),  November 
1912. 

VALIDITY  OF  STATtTTBB  BSQUIBING  WASHHOU8BS. 

The  statute  of  Indiana  requiring  owners  or  operators  of  coal  mines 
and  other  employers  of  labor  to  erect  and  maintain  washhouses  is 
valid,  as  being  within  the  poUce  power  of  the  State,  and  includes 
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supenntendentB  witiiin  its  scope;  and  a  superintendent  of  a  mine 
who  faib,  on  the  written  request  of  the  employees  of  the  mine,  to 
proride  and  maintain  a  washhouse  for  the  use  of  the  miners  is  subject 
to  the  penalty  imposed  by  the  statute. 

Booth  V,  State,  100  Noitfaeastem,  563  (Indiana),  January,  1913. 
MINE  0FERATOB8  REQUIBED  BY  STATUTE  TO  MAINTAIN  WASHHOUSES. 

A  statute  requiring  an  owner  or  operator  of  a  coal  mine  where 
more  than  20  persons  are  employed  to  construct  and  maintain  wash- 
houses  is  not  unconstitutional  in  that  it  denies  to  coal  companies  the 
equal  protection  of  the  law  and  discriminates  between  coal  mining 
and  other  classes  of  business,  or  deprives  the  mine  owner  of  his  prop- 
erty without  due  process  of  law,  as  such  a  statute  falls  within  the 
police  power  of  the  State. 

Booth  V,  State,  100  Northeastern,  563  (Indiana),  January,  1913. 

POLLUTION   OF  WATER. 

Under  the  statute  of  West  Virginia  making  it  an  offense  to  put 
into  a  stream  of  water  any  matter  deleterious  to  the  propagation  of 
&h,  an  operator  of  a  coal  mine  can  not  assert  a  right  contrary  to 
the  statute  to  drain  into  a  stream  from  his  mine  sulphur  or  mine 
water  ddeterious  to  the  propagation  of  fish,  though  such  stream  is 
the  natural  receptacle  for  such  drainage  and  it  is  impracticable  to 
<lrain  the  mine  otherwise. 

8tate  9.  Southern  Coel  &  Transportation  Oo.,  76  Southern,  970  (West  Virginia), 
December,  1912. 

7.  NEGLiaSNCB  OF  OPBBATOBr— LIABILITY. 
EXPLOSION  AS  ETIDENCE  OF  NEGLIGENCE. 

The  fact  of  an  explosion  in  a  coal  mine  is  not  even  prima  facie 
eridence  of  negligence  on  the  part  of  the  mine  foreman. 

DickinaGXi  i^.  Stuart  Colliery  Co.,  76  Southeastern,  654  (West  Viiginia),  November, 
1912. 

EXPLOSIONS — JUDICIAL  NOTICE. 

Courts  take  judicial  notice  that  explosions  occur  in  the  best- 

equi{q[ied,  best-regulated,  and  perfectly  ventilated  coal  mines,  and 

&  mine  owner  or  operator  is  not  liable  for  resulting  injuries  when  an 

explosion  is  the  result  of  negligence  of  a  fellow  servant,  and  not  of 

the  owner  or  operator  to  funush  a  reasonably  safe  place  in  the  first 

iostance  or  to  employ  a  competent  mine  boss  or  to  perform  soma 

other  statutory  or  common-law  duty  imposed. 

DickiDfloa  v.  Stuart  CoUiery  Co.,  76  Southeaatem,  654  (West  Viiginia),  November, 
1912. 
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PLEADINO  NEOUaSNGE  AND  PLACE  OF  INJUBT. 

A  complaint  in  an  action  by  a  miner  for  injuries  caused  by  the 
negligence  of  a  coal-mine  operator  can  not  be  regarded  as  defective 
and  can  not  be  held  insufficient  for  failing  to  specify  the  exact  loca- 
Hon  in  the  mine  where  the  accident  happened,  where  the  particular 
place  is  not  a  material  feature  of  the  negligence  complained  of. 

Binningham  Coal  d  Iron  Co.  v.  Brice,  60  Southern,  952  (Alabama),  January,  1913. 

FBOXIMATE  CAUSE  OF  INJUBT. 

A  court  can  not  say  as  a  matter  of  law  that  permitting  obstructions 
in  violation  of  a  statute,  in  an  entryway  of  a  mine  where  a  miner  was 
required  to  work,  was  not  the  proximate  cause  of  an  injury,  where 
such  obstructicms  were  permitted  at  a  steep  incline,  rendering  it 
necessary  to  sprag  cars,  and  where  the  miner  was,  while  endeavoring 
to  sprag  the  wheels  of  a  car,  by  reason  of  the  dangerous  conditions 
caused  by  such  obstructions,  caught  between  the  car  and  the  rib  of 
the  mine. 

Eaton  V,  Marion  County  Coal  Co.,  101  Northeafltem,  58  (Illinoifl),  February,  1913. 

FAILURE  TO   EMPLOY   MINE   BOSS. 

A  coal-mining  company  that  ousts  a  mine  boss  after  his  employ- 
ment, in  compliance  with  the  statute  of  West  Virginia,  and  itself 
undertakes  the  care  of  the  roof  of  its  mine,  and  then  permits  the 
roof  to  become  and  remain  unsafe  and  dangerous,  is  liable  to  a  miner 
injured  by  a  fall  of  slate  or  stone  from  the  roof,  as  the  negligence  in 
such  case  is  not  negligence  of  the  mine  boss,  but  that  of  the  mine 
owner  and  operator. 

Peterson  v.  Paint  Creek  Collieries  Co.,  76  Southeaatem,  664  (West  Viiginia),  No- 
vember, 1912. 

MINERS  FOLLOWING  DIRECTIONS  OF  MINE  FOREMAN. 

A  coal  company  operating  a  coal  mine  is  liable  for  an  injury  of  a 
miner  caused  by  f  alUng  coal  or  slate  where  the  miner  at  the  time  of 
the  injury  was  following  the  direction  of  the  mine  foreman,  and  was 
doing  what  he  told  him  to  do  and  ia  the  particular  way  he  told  him 
to  do  it,  and  where  the  miner  himself  did  not  create  the  danger  in 
the  progress  of  his  work,  and  where  the  danger  existed  at  the  time 
the  mine  foreman  directed  the  work  to  be  done  and  was  incidental 
to  the  work  so  directed. 

Ada  Goal  Co.  v.  Linville,  153  SouthwoBtem,  21  (Kentucky),  Februaiy,  1918. 
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FAILTJBE   TO   INSTBUCT   INEXFEBIENGED   BONEB. 

A  mine  operator  can  not  be  chained  with  ne^igence  for  failure  to 
b^i^uct  an  inexperienced  miner  that  loose  coal  might  be  discovered 
bj  tapping,  where  such  failure  to  instruct  and  where  the  want  of 
tapping  the  coal  was  not  the  proximate  cause  of  an  injury. 

QsroBy  Goal  Go.  v.  Benedict,  129  Pacific,  1024  (Wyomiiig),  February,  1913. 

NOTIGE  TO  MINE  FOREMAN. 

Knowledge  of  the  fire  boss  and  the  mine  foreman  that  a  ' 'squeeze'' 

or  settling  of  the  roof  had  set  in,  was  notice  to  the  company  operating 

Aemine. 

Gennaox  v.  Northweetem  Improvement  Go.,  130  Pacific,  495  (Waahington),  Feb- 
niary,  1913. 

DUTY  TO  INSPEGT  MINE. 

A  mine  operator  is  bound  to  inspect  at  reasonable  intervals  the 

roof  of  a  mine  where  miners  are  at  work,  and  to  remove  any  insecure 

rock  or  other  material  that  threatens  the  safety  of  the  miners  whose 

service  compels  them  to  use  the  particular  part  of  the  mine;  and  a 

faifaire  of  a  mine  operator  to  inspect  the  roof  at  reasonable  intervals 

and  where  reasonable  inspection  would  have  disclosed  any  existing 

danger  is  sufficient  to  sustain  a*  charge  of  negligence,  and  to  show  that 

such  failure  to  inspect  was  the  proximate  cause  of  an  injury  to  a 

miner. 

Goode  V.  Gentnd  Goal  &  Goke  Go.,  151  Southwestern,  508  (Missouri),  November, 
1912. 

INSPEGTION  BEFOBE  MINERS  BEGIN  WORK. 

The  statute  of  Illinois  requires  a  mine  owner  or  operator  to  visit 
the  mine  before  miners  are  permitted  to  enter  and  see  that  the  air 
current  is  traveling  in  its  proper  course  and  in  proper  quantity,  to 
determine  the  quantity  of  air  in  different  portions  of  the  mine  and 
the  amount  of  air  passing  in  the  last  crosscut  or  break-through  in 
each  pair  of  entries  as  weU  as  in  the  last  room  of  each  division,  and 
to  note  the  condition  of  the  mine  in  a  book  kept  for  that  purpose 
before  miners  are  permitted  to  enter  the  shaft;  and  the  failure  to 
make  such  examination  and  to  inform  the  miners  of  the  presence  of 
gas  is  such  negligence  as  will  render  the  mine  owner  and  operator 
liable  for  an  injury  to  a  miner  occasioned  by  an  explosion  of  gas  in 
the  entry  or  room  in  which  he  was  working. 

Goleaar  v.  Star  Goal  Go.,  99  Northwestern,  709  (lUinois),  October,  1912. 

FAILURE  TO  INSPECT  MINE. 

It  is  actionable  negligence  for  a  mine  owner  or  operator  through 
his  mine  boss  to  fail  to  inspect  properly  the  places  where  blasting  is 
done  and  to  examine  after  each  blast  the  holes  charged  with  dynamito 
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to  see  if  any  have  failed  to  go  off,  and  in  case  of  any  such  failure,  to 
give  proper  notice  to  the  miners  drilling  the  blast  holes,  and  any  such 
mine  owner  or  operator  is  liable  to  an  injured  miner  for  negligence  in 
this  respect. 

Cook  V.  Cranberry  Furnace  Co.,  76  Southeastern,  473  (North  Carolina),  November, 
1912. 

A  coal-mine  operator  was  held  liable  for  damages  to  a  driver 
t^aused  by  a  faU  of  slate  where  the  operator  negligently  failed  to 
inspect  a  place  where  coal  had  been  loosened  and  to  remove  the  loose 
coal,  or  to  place  timbers  thereunder  or  notify  the  driver  of  the  danger- 
ous condition,  and  where  it  was  not  the  duty  of  the  driver  to  inspect 
the  mine  for  loose  coal,  and  such  negligent  failure  on  the  part  of  the 
mine  operator  to  properly  iospect  the  mine  was  held  to  be  the  proxi- 
mate cause  of  the  injury. 

Prairie  Creek  Coal  Mining  Co.  v.  Kittrell,  153  Southweetem,  59  (Arkansas),  Decem- 
ber, 1912. 

FAILURE  TO  FURNISH  8AFETT  LAMPS. 

The  Legislature  of  Washington  in  recognition  of  the  hazards  of 
working  in  coal  mines  has  made  careful  provisions  for  their  inspection 
and  imposed  imperative  duties  upon  those  who  own  and  operate 
them  and  requires  among  other  things  that  under  certain  circum- 
stances safety  lamps  shall  be  furnished  the  miners,  and  a  failure  to 
observe  this  provision  is  negligence  per  se;  but  a  failure  to  furnish 
such  safety  lamps  is  not  negligence  in  the  absence  of  evidence  showing^ 
that  the  development  work  being  prosecuted  was  approaching  a  place 
where  there  was  likely  to  be  an  accumulation  of  excessive  gases  or 
that  there  was  imminent  danger  from  excessive  gases. 

DoUar  v.  Northwestern  Improvement  Co.,  129  Pacific,  578,  p.  580  (Washington), 
January,  1913. 

FAILURE  TO  PROP  ROOF. 

The  question  of  the  negligence  of  a  mine  owner  to  properly  support 
the  roof  of  a  crosscut  in  which  the  miners  were  not  required  to 
work,  but  in  which  a  miner  was  injured  by  a  falling  of  roof  while 
eating  a  meal,  is  one  of  fact  to  be  determined  by  the  jury  under  ail 
the  circumstances  of  the  case. 

KenniB  v,  Ogden,  138  Northweetem,  467  (Iowa),  November,  1912. 

FAILURE  TO  FURNISH  PROPS. 

The  statute  of  Kentucky  imposes  on  the  owner  or  operator  of 
the  mine  the  duty  of  furnishing  suitable  props  for  securing  the  roof 
and  for  making  the  working  place  of  the  miner  safe.    A  failure  to 
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apply  such  props  is  such  a  breach  of  this  statutory  duty  as  will 
rmiet  the  operator  liable  for  any  resulting  injury  to  a  miner. 

Butler  v.  Elkhom  Consolidated  Goal  d  Coke  Co.,  152  Southwestern,  955  (Ken- 
tacky),  luLuary,  1913. 

FAILUBE  TO  8UFFORT  BOOF  AFTEB  NOTIOB. 

A  ndmng  company  is  liable  for  negligence  in  permitting  the  roof 
of  an  entry  in  its  mine  to  become  unsafe,  and  for  failure  to  properly 
support  the  roof  after  notice  of  its  dangerous  condition,  where  by 
reason  of  such  negligence  a  miner  was  injured  by  the  fall  of  the  roof 
after  the  mine  foreman  had  promised  to  remedy  its  dangerous  condi- 
tion, and  where  the  miner  was  carrying  out  the  immediate  directions 
and  orders  of  the  mine  foreman. 

Bmdwqr  Goal  Mining  Go.  v.  Robinson,  150  Southwestern,  1000  (Kentucky),  Novem- 
ber, 1912. 

FBOOF  OF  NEOLIOENOE — INJUBY  FBOM  FALLING  BOOK. 

In  floi  action  for  the  death  of  a  miner  caused  by  a  fall  of  rock  from 
the  roof  of  a  mine  at  a  place  that  was  not  his  working  place,  a  court 
is  not  authorized  to  direct  a  jury  to  return  a  verdict  for  the  plaintiff 
vithout  reference  to  the  issues  of  whether  or  not  the  dangerous 
character  of  the  rock  would  have  been  discoverable  to  an  ordinarily 
carefol  and  prudent  mine  operator  in  the  exercise  of  due  care  toward 
his  miner,  and  whether  or  not  the  mine  operator  did  employ  due 
care  in  the  discharge  of  his  duty  in  this  respect.  Under  such  cir- 
cumstances the  fact  that  rock  feU  of  itself  was  not  sufficient  proof 
of  neghgence,  and  the  burden  of  proof  in  such  case  was  on  the  plaintiff 
to  satisfy  the  jury  that  the  rock  not  only  was  in  a  dangerous  con- 
dition but  that  such  condition  would  have  been  discovered  by  the 
nune  operator  had  reasonable  care  been  exercised  in  time  to  have 
preyented  the  injury. 

Goode  V.  Central  Coal  d  Coke  Co.,  151  Southwestern,  508  (Miasouri),  November, 
1912. 

FAILUBE   TO   SUPPLY   MACHINEBY. 

The  failure  of  a  Tnining  company  operating  a  coal  nunc  to  furnish 
its  mine  boss  with  machinery  and  materials  necessary  to  remove 
uiy  dangerous  slate  or  stone  in  the  roof  of  the  mine  and  otherwise 
make  it  secure,  upon  notice  by  the  mine  boss  of  his  inability  to  make 
the  nunc  roof  safe  on  account  of  lack  of  materials  or  facilities,  is  such 
negligence  that  renders  it  liable  for  an  injury  to  an  employee  caused 
by  a  fall  of  such  loose  slate  or  stone. 

Petenon  v.  Paint  Creek  Collieries  Co.,  76  Southeastern,  664  (West  Viiginia),  No- 
vember, 1912. 
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nSINO  DEFECTIVE  MAOHINEBT. 

A  coal-mine  operator  is  guilty  of  actionable  negligence  in  using 
a  worn  and  dangerous  feed  chain  used  in  drawing  forward  a  coal- 
mining machine,  with  knowledge  of  its  condition  and  by  reason  of 
which  a  miner  was  injured. 

Bradley  v.  Northjem  Central  Coal  Co.,  151  Southwestern,  180  (Miwouri),  November, 
1912. 

FAILURE   TO  REMOVE   LOOSE   COAL  OR  ROOK. 

Where  it  becomes  impracticable  to  secure  loose  coal,  slate,  or  rock 
overhead  in  a  working  place  in  a  mine  by  means  of  timbers  or  props, 
then  it  is  the  duty  of  the  mine  operator  to  have  such  loose  coal,  slate, 
or  rock  removed  before  the  miners  are  p^mitted  to  resume  work,  and 
the  failure  to  do  so  will  constitute  neglig^itce. 

Peabody  Alwert  Coal  Co.  v.  Yandell,  100  Northeastern,  768  (Indiana),  February,  1913. 
Domestic  Block  Coal  Co.  v.  De  Armey,  100  Northeastern,  675  (Indiana),  January,  1913. 

FAILURE  TO  MAKE  BEFUQE   HOLES. 

A  mine  owner  or  operator  is  not  chaj^eable  with  actionable  neg- 
ligence for  an  injury  resulting  to  a  miner  because  of  his  failure  to  make 
refuge  holes  along  motor  roads  in  a  coal  mine,  as  the  statute  imposes 
this  duty  on  the  mine  foreman  and  not  on  the  mine  operator. 

May  V.  Davis  Coal  Co.,  76  Southeastern,  342  (West  Vixginia),  October,  1912. 

mJURT  TO  MINER   BT  BLECTRIO   WISE. 

A  court  can  not  say  as  a  matter  of  law  that  a  miner  is  not  entitled 
to  recover  for  an  injury  caused  by  contact  with  an  unprotected  trolley- 
wire  where  the  miner  was  engaged  in  carrying  a  rubber  hose  bound 
with  wire,  and  where,  by  reason  of  the  wet  and  slippery  condition  of 
the  floor  of  a  level,  he  slipped  and  the  wire-bound  hose  accidentally 
came  in  contact  with  the  live  wire  and  the  miner  thereby  received 
the  injury  for  which  he  sues. 

Williams  v.  Bunker  Hill  &  Sullivan,  etc.,  Mining  Co.,  200  Fed.,  211,  October,  1912. 
OPEBATING   MINE   CAR   AT  DANOEBOUS   SPEED. 

It  is  negligence  for  a  mine  operator  to  run  a  car  carrying  a  miner 
through  a  slope  with  a  low  and  dangerous  roof  at  such  a  rate  of  speed 
as.  to  extinguish  the  light  on  the  miner's  cap  and  leave  him  in  the 
dark,  thereby  unable  to  distinguish  such  low  and  dangerous  place  in 
the  roof,  by  reason  of  which  he  was  injured;  and  the  movement  of 
the  car  with  such  undue  speed  may  be  regarded  as  the  efficient 
proximate  cause  operating  in  imbroken  sequence  to  bring  about  the 
injury. 

Republic  Iron  A  6teel  Co.  v.  FuUer,  60  Southern,  475  (Alabama),  December,  1912, 
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INJUBY  TO  HOPE  DKIYBB — BCOPM  OF  EUPLOTMBNT. 

It  was  the  duty  of  a  rope  diiyer  in  a  coal  mine  to  look  after  the  rope 
and  the  equipment  of  the  train  of  cars  drawing  coal  from  the  mine  and 
to  remedy  any  trouble  that  might  come  up  in  connection  with  the 
operation  of  the  train,  and  such  rope  driver  was  acting  within  the  line 
of  his  employment  and  was  doing  what  his  duty  required  him  to  do 
when  he  attempted  to  stop  a  train  of  coal  cars  for  the  purpose  of  re- 
leasing the  rope  which  had  caught  under  the  end  of  some  of  the 
exposed  ties  supporting  the  track;  and  the  coal  company  was  held 
liable  for  an  injury  occurring  to  the  rope  driver  while  thus  performing 
his  duty,  because  of  its  negligence  in  permitting  the  ties  to  be  so  laid 
and  exposed  as  to  catch  and  hold  the  rope. 

Stony  Fork  Goal  €k>.  v.  Lingar,  153  Southwestern,  6  (Kentucky),  February,  1913. 

KSOLIOEKCB  0¥   FELLOW  SBBVANT. 

A  rope  driver  working  on  cars  used  to  haul  coal  out  of  a  mine  whose 
duty  it  is  to  superintend  the  movement  of  cars  in  and  out  of  a  mine 
and  to  fasten  and  unfasten  the  cable  by  which  the  cars  are  operated 
and  the  engines  employed  to  operate  the  stationary  engine  that  fur- 
nished power  to  move  the  cars  on  signals  from  such  rope  driver  are 
fellow  servants,  and  such  rope  driver  can  not  recover  from  the  mine 
operator  for  injuries  caused  by  the  negligence  of  the  engineer. 

Bell-£jK>x  Coal  Go.  v.  Gregory,  153  Southweetem,  465  (Kentucky),  February,  1913. 

WBONO  SIGNAL  TO  MINEB. 

A  coal  operator  is  liable  for  damages  for  the  death  of  a  miner 
caused  by  a  rock  from  blasting  where  the  foreman  negligently  called 
to  the  employees  to  return  to  work  by  hallooing  ''all  over/'  mean- 
ing as  was  the  custom  that  the  shots  had  all  been  fired,  and  the 
deceased  miner  in  response  to  this  customary  signal  started  from  his 
safe  hiding  place  to  return  to  work,  when  a  rock  from  the  second 
blast  struck  and  killed  him. 

Cbenoa-Hignite  Goal  Co.  v.  Philpot,  153  Southwestern,  457  (Kentucky),  February, 
1913. 

PROOF   OF  SUBSEQUENT  REPAIRS   NOT  ADMISSIBLE. 

In  an  action  against  a  coal-mining  company  for  the  death  of  a 
miner  caused  by  an  aUeged  insecure  platform  under  a  tipple  used  in 
connection  with  a  coal  screen,  proof  of  repairs  made  upon  the  plat- 
form subsequent  to  the  time  of  the  accident  is  not  admissible  for  the 
purpose  of  proving  negligence  and  to  show  that  the  platform  was 
insecure  at  the  time  of  the  accident. 

latentate  Coal  Co.  v.  Shelton,  153  Southwestern,  1  (Kentucky),  February,  1913. 
BeU-Knos  Coal  Co.  v.  Gregory,  153  Soutbw^temr  496  (Kentucky),  February,  1913* 
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FBOOF  OF  SUBSBQUBNT  BBPAIBS — EXOEPTION. 

While  ordinarily  proof  of  subsequent  repairs  is  not  admissible  for 
the  purpose  of  showing  negligence  yet  where  in  an  action  by  a  rope 
driver  working  on  cars  hauling  coal  out  of  a  mine  he  introduced 
evidence  to  show  the  defective  and  dangerous  condition  of  the  track, 
and  where  the  mine  operator  introduced  evidence  to  show  that  the 
person  who  succeeded  the  injured  rope  driver  in  his  position  continued 
the  work  without  accident  and  without  any  change  being  made  in 
the  tracks  at  the  place  where  the  injury  occurred ,  the  injured  rope 
driver  then  has  the  right  to  show  as  a  matter  of  fact  that  the  track 
was  repaired  subsequent  to  the  time  of  his  injury  and  at  the  particular 
place  where  the  accident  happened. 

Bell-Knox  Coal  Co.  v.  Gregory,  153  Southwestern,  466  (Kentucky),  February,  1913. 

LIABILITT  FOB  BUBIAL  EXPENSES. 

Under  the  statute  of  Oklahoma  the  duty  of  burying  the  dead 
bodies  of  miners  whose  lives  were  lost  in  a  mine  disaster  is  cast  upon 
the  mine  owner  where  it  does  not  appear  that  they  had  relatives  or 
friends  present  to  perform  this  duty,  and  where  no  person  in  fact 
claimed  the  bodies. 

Kali  Inla  Goal  Co.  v.  Craig,  128  Pacific,  117  (Oklahoma),  November,  1912. 
Q.  CONTRIBUTOB7  NEGLIGENCE  OF  MINEB. 
VOLUNTARY   EXPOSURE  TO  DANGER. 

A  miner  can  not  maintain  an  action  against  a  mine  operator  for 
damages  for  an  injury  resulting  from  a  known  peril  to  which  he  vol- 
untarily continued  to  expose  himself. 

Republic  Iron  &  Steel  Co.  v.  Fuller,  60  Southern,  475  (Alabama),  December,  1912. 

KNOWLEDGE   OF  DANGER. 

A  driver  of  coal  cars  in  a  mine  is  not  entitled  to  recover  for  injuries 
received  from  falling  coal  where  the  dangerous  condition  of  the  coal 
was  open,  patent,  or  of  such  a  nature  as  to  be  discoverable  by  any 
driver  passing  along  the  entry  in  the  discharge  of  his  duty,  and  if  by 
the  use  of  his  eyes,  or  by  ordinary  care,  he  could  have  seen  the  dan- 
ger, and  if  he  knew  and  apprehended  the  dangers  and  failed  to  exer- 
cise ordinary  care  in  avoiding  the  same. 

Prairie  Creek  Coal  Mining  Co.  v.  Kittrell,  153  Southwestern,  59  (Arkansas).  Decem- 
ber, 1912. 

KNOWLEDGE  OF  DEFECTIVE  APPLIANCES. 

A  miner  operating  a  coal-mining  machine  with  knowledge  that  the 
feed  chain  used  in  drawing  the  machine  forward  was  defective  is  not 
to  be  chaiged  with  contributory  negligence  in  case  of  an  injury,  as 
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under  such  circmnstanceB  he  had  the  right  to  continue  in  the  service^ 
proTided  a  reasonably  careful  person  in  his  situation  would  have 
eondiided  that  he  could  work  with  the  chain  without  subjecting  him- 
self to  danger  of  immediate  injury. 

Biadky  v.  Narthem  Centnl  Coal  Co.,  151  Southweetem,  180  (Muaouri),  Novem- 
ber.1912:  .         v  /,  . 

AVOIDING  DANGER   IN   EMERGENCY. 

A  miner  exposed  to  a  danger  that  by  reason  of  another's  negligence 
is  suddenly  enhanced  by  an  unfavorable  change  of  the  conditions 
under  which  it  is  to  be  met,  due  to  such  negligence,  is  not  necessarily 
cbaigeable  with  contributory  negligence  because  he  did  not  exercise 
the  best  judgment  in  the  meastures  taken  for  his  own  saf ety,  as  the 
Iaw  does  not  under  such  drcmnstances  hold  him  infallible  in  his 
oideavor  to  escape  harm,  and  his  conduct  is  to  be  weighed  in  the  light 
of  bis  surroundiiigs  at  the  time  and  he  is  to  be  held  to  no  more  than 
the  exercise  of  such  reasonable  care  and  diligence  as  would  be  expected 
of  a  prudent  and  reasonable  man  under  similar  circmnstances. 

Bepoblic  Iroo  dc  Steel  Co.  v.  Falkr,  60  Southern,  475  (Alabama),  December,  1912. 

BURDEN   OF  PROOF. 

The  burden  of  proof  is  on  a  mine  operator  to  show  that  a  youthful 
and  inexperienced  miner  failed  to  use  ordinary  care  for  his  own 
s^ety,  but  for  which  he  would  not  have  been  injured. 

Bvtley  V.  Elkhocn  Consolidated  Coal  A  Coke  Co.,  152  Southwestern,  965  (Kentucky), 
Jimary,  I9is. 

DEFENSE   AND   BURDEN   OF  PROOF. 

Under  the  statute  of  North  Carolina  the  contributory  negligence 
of  a  miner  is  a  matter  of  defense,  and  in  an  action  for  personal  injury 
to  a  miner  the  burden  is  on  the  mine  owner  or  operator  to  establish 
such  contributory  negligence,  unless  the  testimony  of  the  plaintiff 
himself  shows  that  his  contributory  neg^ence  was  the  proximate 
cause  of  his  injury. 

Cook  V.  Cnnberry  Funiaoe  Co.,  76  Southeastern,  473  (North  Carolina),  Novem- 
ber, 1»12. 

HinOATION  OF  DAMAGES. 

The  statute  of  Tennessee  makes  it  a  misdemeanor  for  a  miner  to 
fail  to  keep  the  roof  of  his  working  place  properly  propped  and  tim- 
bered to  prevent  the  falling  of  coal;  slate,  or  rock.  Under  the  statute, 
if  a  miner  was  guilty  of  negligence  that  contributed  to  his  injury,  but 
if  the  mine  operator  was  guilty  of  negligence  which  was  the  direct  or 
prozimate  cause  of  the  injury,  then  the  miner  may  recover,  but  the 
<lunage8  reooverable  should  be  reduced  or  mitigated  by  reason  of 
the  miner's  contributory  negligence. 

Proctor  Coal  Go.  v.  Beaver,  152  Southweetem,  965  (Kentucky),  January,  191S. 
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YIOLATION   OF  ORDERS. 

A  miner  whose  duty  it  is  to  drill  blast  holes  is  guilty  of  contributory 
negligence  in  drilling  into  a  failed  hole  in  violation  of  the  orders  and 
directions  of  the  mine  boss,  and  can  not  recover  for  an  injury  occa- 
sioned thereby,  where  he  kaew  it  was  the  duty  of  the  mine  boss  to 
examine  the  blast  holes  after  each  shot  to  ascertain  if  there  was  any 
exploded  charge,  and  where  he  was  not  to  resume  work  until  the  mine 
boss  had  so  reported,  and  in  case  of  any  unexploded  charge  until 
such  charge  was  exploded  or  removed. 

Cook  V.  Cranberry  Furnace  Co.,  76  Southeastern,  473  (North  Carolina),  November, 
1912. 

DISOBEYING  FOREMAN'S  ORDERS. 

A  miner  engaged  in  mining  out  pillars  in  a  coal  mine  can  not  recover 
for  an  injury  caused  by  a  fall  of  slate  from  the  roof  if  he  violated  the 
orders  of  the  mine  foreman  or  did  not  perform  the  work  in  the  manner 
in  which  he  was  directed  to  perform,  or  if  it  was  his  duty  to  prop  the 
roof  of  the  mine  at  the  place  and  failed  to  do  so. 

Ada  Coal  Co.  v.  linville,  153  Southwestern,  21  (Kentucky),  February,  1913. 

OBEDIENCE  TO  FOREMAN'S  ORDERS. 

A  coal  miner  with  no  experience  in  shaft  mines  can  not  be  charged 
with  such  contributory  negligence  as  would  defeat  a  recovery  for 
injuries  where  he  was  ordered  by  the  foreman  to  go  to  another  part 
of  the  mine  and  where  obedience  to  such  orders  made  it  necessary 
that  he  should  pass  through  the  elevator  shaft,  and  where,  before 
passing  through  the  shaft,  he  looked  up  the  shaft  but  could  neither 
see  nor  hear  the  descending  elevator,  but  was  injured  by  an  elevator 
while  passing  through  the  shaft. 

Fluehart  Collieries  Co.  v.  Elam,  151  Southwestern,  34  (Kentucky),  December,  1912. 

OOMPLIANGE   WITH  CUSTOM. 

A  miner  assisting  in  sinking  a  prospecting  shaft  iis  not  to  be  charged 
with  contributory  negligence  as  a  matter  of  law  because  he  was  riding 
back  from  the  dump  on  the  car  used  to  haul  away  the  excavated  earth, 
or  because  he  stepped  on  the  car  to  attach  the  rope  to  the  hoisting 
bucket,  and  thereby  the  car  ran  over  the  block  or  bumper  on  the  track 
and  threw  him  into  the  shaft,  unless  the  act  of  riding  or  getting  on  the 
car  was  necessarily  and  inevitably  so  dangerous  that  a  prudent  person 
would  not  have  done  the  particular  act.  And  under  such  circum- 
stances,  evidence  showing  he  complied  with  a  custom  known  to  and 
expressly  or  impliedly  sancticmed  by  his  employer  is  generally  suffi- 
cient to  turn  the  scale  in  this  respect  in  his  favor,  and  free  l^ini  from 
the  charge  of  contributory  negligence. 

Eilleen  v.  Barnes- King  Development  Co.,  127  Pacific,  89  (Montana),  October,  1912. 
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0H008IHQ  DAN6BBOU0  MBTHOD  OV  WOBKINO. 

The  rule  that  where  a  servant  has  two  ways  of  doing  a  thing,  one 
of  which  is  dangerous  and  the  other  safe,  and  chooses  the  dangerous 
and  is  injured  by  reason  thereof,  he  is  guilty  of  such  contributory 
negligence  as  prevents  recovery,  is  applicable  to  miners;  but  the  rule 
does  not  apply  imless  the  miner  knew,  or  ought  to  have  known,  that 
one  method  was  dangerous  and  the  other  safe.  And  a  circumstance 
which  tends  to  negative  the  ii^erence  that  the  miner  was  guilty  of 
contributory  negligence  is  that  the  course  of  action  which  he  was 
pursuing  at  the  time  he  received  the  injury  was  the  one  customarily 
followed  by  himself  and  other  miners  under  similar  circumstances 
with  the  approval  or  tacit  acquiescence  of  the  employer. 

EiDeexi  v.  Barnes- King  Development  Co.,  127  Pacific,  89  (Montana),  October,  1912. 

INJUBT  TO  BOT  OF  PROHIBrrED  AGB* 

A  Tnining  company  employing  a  boy  to  work  in  its  coal  mine,  in 
violation  of  a  specific  statute,  can  not  screen  itself  from  liabihty  for 
an  injury  sustained  by  such  boy  in  its  service  on  the  ground  that  the 
injury  was  occasioned  through  such  negligence,  imprudence,  or 
childish  traits  as  gave  rise  to  the  statute,  as  a  boy  so  employed  and 
injured  can  not,  under  the  law,  be  chai^eable  with  negligence  con- 
tributing to  his  injury. 

De  Soto  Coal  Mining  &  Development  Co.  v.  Hill,  60  Southern,  583  (Alabama),  De- 
cember, 1912. 

MINER   VBTSa  EXCESSIVE   BLAST. 

Under  the  Tennessee  statute  making  it  a  misdemeanor  for  a  miner 
to  fail  to  properly  prop  the  roof  of  his  working  place,  a  miner  is  guilty 
of  such  contributory  negligence  as  will  defeat  his  recovery  for  injuries 
caused  by  falling  rock  where  he  used  so  large  a  charge  of  powder  in 
shooting  the  coal  as  to  knock  down  the  props  and  dislodge  the  slate 
in  the  roof. 

Froctor  Coal  Co.  v.  Beaver,  152  Southwefltem,  965  (Kentucky),  January,  1913. 

FALL  OF  SLATE  FBOM  ROOF. 

A  mine  owner  and  operator  is  not  guilty  of  actionable  negligence 
and  is  not  liable  to  a  miner  injured  by  a  fall  of  slate  from  the  roof 
of  an  entry  where  the  miner  himself  with  another  was  engaged  in 
timbering  the  entry,  and  where  it  was  their  duty  to  discover  and  de- 
termine the  particular  part  of  the  entry  or  roof  that  was  dangerous 
and  that  required  timbering. 

OveDB  V.  J^anrood  White  Coal  Co.,  138  Northwestern,  483  (Iowa),  November,  1912. 

A  miner  receiving  injuries  from  the  falling  roof  of  a  mine  is  not  to 
be  charged  with  contributory  negligence  where  he  had  had  but  slight 
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acquaintance  with  the  mine,  and  did  not  really  know  whether  or  not 
the  loose  slate  would  fall;  and  a  coiui^  can  not  as  a  matter  of  law  say 
that  the  danger  was  so  imminent  to  the  miner  that  he  should  not  have 
continued  work,  especially  after  the  pit  boss,  with  his  experience  and 
superior  knowledge  of  the  particular  mine,  had  assured  the  miner 
that  the  place  was  safe  and  ordered  him  to  go  on  with  his  work. 

Braddich  v.  Phillips  Goal  Co.,  138  Northwestern,  406  (Iowa),  November,  1912. 

miner's  FAILTJBE  to  FRCP  ROOF. 

The  statute  of  Tennessee  makes  it  a  nusdemeanor  for  a  miner  to 
fail  to  properly  prop  the  roof  of  his  working  place,  and  the  failure  of 
a  miner  to  comply  with  this  statute  will  prevent  his  recovery  for  a 
consequential  injury  when  the  action  is  brought  in  the  courts  of 
Kentucky  if,  but  for  his  negligence,  the  injury  would  not  have 
occurred;  and  the  Tennessee  rule  that  contributory  negligence  may 
be  applied  to  the  mitigation  of  damages  does  not  obtain  in  Ken- 
tucky. 

Proctor  Goal  Co.  v.  Beaver,  152  Southweetem,  9d5  (Kentucky),  January,  1913. 

MINER   KILLED   BY  TROLLEY   WIRE. 

In  an  action  against  a  company  operating  a  coal  mine  for  damages 
for  the  death  of  a  miner  caused  by  coming  in  contact  with  a  live  trolley 
wire  where  it  appeared  that  the  wire  had  become  detached  from  a  clamp 
holding  it  to  the  wall  of  the  mine  and  the  miner  while  attempting  to 
replace  the  wire  imder  the  clamp  accidentally  came  in  touch  with 
the  wire,  the  question  of  the  contributory  negligence  of  the  miner 
under  such  circumstances  was  one  of  fact  to  be  determined  by  a  jury. 

Meola  V.  Quincy  Mining  Co.,  140  Northwestern,  460  (Michigan),  March,  1913. 
LIABILnr   FOR  DEATH   OF  CONVICT   WORKING   IN   MINE. 

Where  a  complaint  in  an  action  against  a  coal  mine  operator  for 
damages  for  wrongful  death  charged  that  the  plaintiff's  intestate  was 
being  worked  as  a  convict  under  an  unsupported  roof  in  a  mine,  an 
answer  setting  up  contributory  negligence  must  go  beyond  a  mere 
averment  of  negligence  as  a  conclusion,  and  must  aver  facts  to  which 
the  law  attaches  that  conclusion,  as  the  ordinary  rule  of  contributory 
negligence  does  not  apply  to  a  convict  miner. 

SloflB-Sheffield  Steel  &  Iron  Co.  v.  Weir,  60  Southern,  851  (Alabama).  January 
1913. 

MULE  DRIVER   INJURED   WHILE  NOT  IN   LINE   OP  DUTY. 

A  boy  employed  as  a  mule  driver  can  not  recover  of  a  coal  mine 
operator,  where  his  complaint  charged  that  he  was  injured  while 
engaged  in  and  about  the  discharge  of  lus  duties  as  such  mule  driver 
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in  the  mme,  where  ihe  evidence  showed  that  his  duty  as  a  mule  boy 

was  to  pull  empty  cars  from  the  mouth  of  an  entry  to  the  head  of  it 

to  be  loaded  by  the  miners,  and  where  the  evidence  also  showed  that 

on  the  occasion  of  the  accident  he  was  standing  by  the  side  of  a  slope 

at  one  end  of  the  entries  when  five  loaded  cars  in  charge  of  the  chain- 

era  passed  out  of  an  entry  and  up  the  slope,  and  while  plaintiff  was 

stooping  down  in  obeying  directions  of  a  chainer  to  shut  the  latch 

for  him  he  was  struck  by  two  cars  that  had  broken  loose  from  the 

tram  and  dashed  down  the  mine  slope,  as  this  constituted  a  fatal 

variance  between  the  pleading  and  the  proof. 

liaxie  f .  SloBB-Sheffield  Steel  A  Iron  Co.,  61  Southern,  209  (Alabama),  Febniary, 
1913. 

INJUBT  TO  BOFE  DRIVEB. 

A  court  can  not  say  as  a  matter  of  law  that  a  rope  driver  superin- 
tendiog  the  movements  of  cars  in  and  out  of  a  coal  mine  and  fasten- 
ing and  unfastening  the  cable  by  which  the  cars  are  operated  was  guiity 
of  contributory  negligence  because  at  the  time  of  the  injury  he  was 
riding  with  one  foot  in  the  car  and  the  other  foot  on  the  bumper, 
where  there  was  some  evidence  to  the  effect  that  such  a  position  was 
safer  than  if  the  rope  driver  rode  with  both  feet  in  the  car,  and  imder 
such  circumstances  the  question  of  contributory  negligence  is  one  of 
fact  to  be  determined  by  a  jury. 
Bell-Knox  Coal  Co.  v.  Gregory,  153  Southweetem,  466  (Kentucky),  February,  1913. 

INJUBT  TBOM  BLASTING — PBOPEB  PLACE  OF  CONCEALMENT. 

An  employee  in  a  mine,  killed  from  being  struck  by  a  rock  from  a 
blast,  was  not  chargeable  with  contributory  negligence  as  a  matter 
of  law  in  concealing  himself  or  seeking  shelter  behind  a  tree  when 
warned  of  an  approaching  blast,  instead  of  taking  refuge  in  an  air- 
way, where  it  was  his  custom  and  that  of  other  men  working  with 
him  at  a  distance  of  two  or  three  hundred  yards  from  the  blasting 
to  take  refuge  behind  trees  and  where  the  tree  behind  which  he  stood 
was  167  feet  from  the  place  of  the  blast  and  was  of  greater  diameter 
than  his  body. 

Chenoa-Hignite  Coal  Co.  v.  Philpot,  153  Southwestern,  457  (Eentucky),  February, 
1913. 

fi.  ASSUMPTION  OF  BISK  BY  XINBB. 

1.  BISKS  ASSUMED. 
BUBDBN  or  PRoor. 

The  burden  of  proof  is  on  a  mine  operator  to  show  that  a  youthful 

and  inexperienced  miner  took  the  risk  of  injury  from  falling  rock  or 

alate  with  knowledge  of  the  danger. 

Hartley  V.  Elkhom  Conaolidated  Coal  &  Coke  Co.,  152  Southwestern,  955  (Kentucky), 
January,  1913. 
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XNOWLBDOB  09  DANGER. 


An  inexperienced  miner  23  years  of  age  is  chargeable  with  knowl- 
edge of  the  law  of  gravitation  and  the  liability  of  loose  coal  to  fall, 
and  when  he  and  a  coemployee  fired  a  shot  to  loosen  coal  he  assumed 
the  risk  of  injury  from  the  fall  of  coal  loosened  by  such  shot  where  the 
danger  was  obvious. 

Carney  Coal  Co.  v,  Benedict,  129  Pacific,  1024  (Wyoming),  February,  1913. 

MINBB  INJUBBD  BT  FALL  OF  ROOF. 

An  employee  and  miner  in  a  coal  mine  assumes  the  risks  and  dangers 
of  the  employment  which  he  knows  and  appreciates,  and  he  also 
assumes  those  which  an  ordinarily  prudent  person  of  his  capacity  and 
intelligence  would  have  known  and  appreciated  in  his  situation. 

Kennifl  v.  Ogden,  138  Northwestern,  467  (Iowa),  November,  1912. 

A  miner  employed  to  assist  another  in  inspecting  and  timbering  the 
roof  of  an  entiy  in  a  mine,  and  in  making  such  entry  and  the  roof  safe 
for  other  miners,  assumes  the  risk  naturally  and  necessarily  incident 
to  such  work. 

OwenB  V,  Norwood  White  Coal  Co.,  138  Northwestern,  483  (Iowa),  November,  1912. 

PROMISE  OF  MINB  FOREMAN. 

An  experienced  miner  who  reported  to  a  mine  for  work  pursuant 
to  a  previous  promise  made  by  the  mine  foreman  at  some  distance 
from  the  mine  to  the  effect  that  he  would  be  given  work  in  a  safe 
place,  and  who  was,  after  several  days,  put  to  work  in  a  stope,  the 
character  of  which  was  constantly  changing,  and  the  dangerous  con- 
dition of  which  was  well  known  to  the  miner,  assumed  the  risk,  and 
could  not  recover  for  an  injury  subsequently  received  while  working 
in  the  stope,  notwithstanding  the  promise  of  the  mine  foreman. 

Creede  United  Mines  Co.  v.  Hawman,  127  Pacific,  924  (Colorado),  November,  1912. 

NATURE  AND  USE   OF  EXPLOSIVES. 

A  miner  is  presumed  to  know  that  unusual  dangers  attend  him 
while  working  in  a  stope;  and  he  will  likewise  be  presumed  to  know 
that  high  explosives  used  thereiu,  such  as  dynamite  and  giant  powder, 
not  only  displace  rock,  ore,  and  other  mineral  matter  adjacent  to  the 
shot,  but  also  have  a  tendency  to,  and  do,  loosen  other  rock  and 
material  in  the  vein  in  places  more  or  less  remote  from  the  point  where 
the  shot  is  fired. 

Creede  United  Mines  Co.  v,  Hawman,  127  Pacific,  924  (Colorado),  November,  1912. 

DANGERS  FROM   BLECTRICITT. 

Where  tram  cars  in  a  miae  were  operated  by  electric  motor  receiv- 
ing its  power  from  a  copper  wire  attached  to  the  top  or  hanging  walls 
by  means  of  an  insulated  swivel  held  by  a  clamp  and  where  if  at  any 
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time  the  wire  was  out  of  order  for  any  reason  the  miners  and  the 
motonnaii  were  required  to  push  the  cars  by  hand  past  the  defective 
place  in  the  wire,  and  a  miner  who,  on  finding  the  wire  defective  and 
released  from  the  damp,  instead  of  pushii]^  the  car  by  hand  past  the 
defective  place,  attempted  to  move  the  car  past  such  defective  place 
by  means  of  the  electric  power,  assumed  the  risk  of  all  danger  of 
coming  in  contact  with  the  trolley  wire. 

M«oi*  V.  Quincy  Mining  Co.,  140  Northwestern,  460  (Michigan),  March,  1913. 

DAN^ROUS  EMPLOTMKNT — MINING  OUT  PILLABS. 

The  work  of  mining  out  pillars  or  ''pulling  stumps"  in  a  coal  mine 
b  a  hazardous  employm^it,  and  a  miner  accepting  such  employment 
assumes  all  the  risks  incident  to  the  woric  not  due  to  the  negligence 
of  the  company  operating  the  mine. 

Ada  Coal  Go.  v.  Linville,  153  Southwestern,  21  (Kentucky),  February,  1913. 

2.  BISKS  NOT  ASSUMED. 
KNOWLEDGE  OF  DANGER. 

A  miner  can  not,  as  a  matter  of  law,  be  charged  with  the  assumption 
of  risk  of  danger  from  a  falling  roof  whore  he  was  but  slightly 
acquainted  with  the  particidar  nune,  though  he  knew  that  the  roof 
sounded  ''loose  and  drummy,"  but  where  the  pit  boss  assured  him 
that  he  knew  from  his  greater  experience  that  the  place  was  safe, 
and  thereupon  ordered  him  to  continue  work,  unless  the  danger  was 
so  apparent  that  a  reasonably  cautious  man  would  have  seen  and 
appreciated  it. 

Bnddich  v.  Phillipa  Coal  Co.,  138  Northweetem,  406  (Iowa),  November,  1912. 

WANT  OF  KNOWLEDGE  OF  DANOBB. 

A  miner  who,  by  reason  of  his  youth  and  inexperience,  is  unac- 
quainted with  the  dangers  incident  to  his  employment,  does  not 
assume  the  risk  thereof  where  the  mine  operator  has  failed  to  warn 
him  of  the  danger  to  which  he  is  exposed  and  instruct  him  how  to 
do  his  work  and  avoid  the  danger. 

BarUey  v.  Elkhom  Consolidated  Coal  &  Coke  Co.,  152  Southwestern,  955  (Ken- 
tacky),  January,  1913. 

KNOWLEDGE  OF  DANGER — NEGUGENCE. 

A  miner  familiar  with  all  parts  of  a  mine,  and  with  knowledge  of 
the  danger  of  a  low  place  in  the  roof  of  a  slope,  assumed  the  risk  of 
being  injured  in  riding  on  a  car  under  such  dangerous  low  place,  but 
his  continuance  in  the  work  with  full  knowledge  of  the  existence  of 
such  danger  did  not  have  the  effect  of  a  voluntary  assumption  by 
him  of  the  further  peril  inTolved  in  the  improper  or  negligent  opera- 


60  ouBBBNT  dbchbiokb  on  mikbs  and  mining. 

tion  of  the  car  on  which  he  was  carried;  and  by  consenting  to  be 
carried  and  assuming  the  danger  of  the  low  place  in  the  roof,  he  did 
not  consent  to  be  carried  at  a  speed  too  great  for  the  safety  of  such  a 
trip  and  such  dangerous  place. 

Republic  Iron  <Sc  Steel  Co.  v.  Fuller,  HO  Southern,  475  (Alabama),  December,  1912. 

PBBSUlCFnON  AS  TO  BArBTT. 

A  driver  of  coal  cars  hauling  coal  out  of  a  mine  has  the  right  to 
presume  that  the  coal  mine  operator  has  discharged  his  duty  to  hirn 
in  making  an  entry  a  reasonably  safe  place  in  wlKch  to  perform  his 
duties,  and  as  such  driver  he  was  not  required  to  inspect  the  road  or 
side  of  the  entry,  or  to  search  for  defects  therein,  but  was  only 
required  to  use  ordinary  care  for  his  own  safety,  being  such  care  as  a 
reasonably  prudent  person  would  exercise  under  like  circumstances 
and  con<litions. 

Prairie  Creek  Coal  Mining  Co.  v.  Kittrell,  1S3  Southwestern,  59  (Arkanaas),  Decem- 
ber, 1912. 

PRBSUMPnON  AS  TO  SAFB  CONDUCT  09  BUSINESS. 

When  a  miner  enters  the  employment  of  a  mine  operator  he  is  not 
required  to  use  ordinary  care  to  see  that  the  operator's  business  is 
conducted  in  a  reasonably  safe  manner  and  he  does  not  assume  the 
risks  arising  from  the  failure  of  the  mine  operator  to  do  its  duty 
unless  he  knows  of  its  failure  and  the  attendant  risks,  or  where  in  the 
ordinary  discharge  of  his  own  duty  he  must  necessarily  acquire  such 
knowledge. 

Conmimen  Lignite  Co.  v.  Hubner,  154  Southwestern,  249  (Texas),  March,  1913. 

DANOEBS  NOT  DISCO  VBIUJBLB. 

An  experienced  miner  while  engaged  for  the  first  time  in  driving  a 
coal  car  drawn  by  a  mule  in  and  out  of  a  mine  is  not  as  a  matter  of 
law  to  be  charged  with  the  assumption  of  the  risk  of  danger  from  a 
rock  protruding  from  the  rib  to  a  point  directly  perpendicular  over 
the  rail  and  but  slightly  above  the  edge  of  the  car,  and  where  his  posi- 
tion as  driver  was  not  favorable  to  the  discovery  of  the  particular 
danger,  and  where  the  rock  protruding  was  not  so  obvious  that  the 
miner  was  bound  to  know  it. 

£k  V.  Phillips  Fuel  Co.,  138  Northwestern,  547  (Iowa),  November,  1912. 

DULNGBB8  W  ADJAOBNT  WOUONaS. 

A  miner  does  not  assume  the  risk  of  dangers  in  his  place  of  work 
resulting  from  the  condition  of  adjacent  workings  not  under  his  con- 
trol nor  subject  to  his  inspection. 

Gennaux  v.  Northwestern  ImpioYsment  Co.,  ISO  Pacific,  495  (Washington),  Feb- 
ruary, 1913. 
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FAILUBX  OF  MDfB  QPXXA90B  TO  FUKMlgH  BAn  PLAOB. 

A  miner  by  accepting  employment  in  a  coal  mine  assumes  the  risk 
of  such  accidents  and  resulting  injuries  as  may  happen  to  him  in  the 
ordiiuuy  and  customary  course  of  his  employment,  but  he  does  not 
lasume  any  risk  from  accident  or  injury  caused  by  the  failure  of  the 
mme  operator  to  exercise  ordinary  care  to  furnish  him  a  reasonably 
safe  place  in  which  to  work,  as  the  risks  which  he  assumes  does  not 
efflbnce  or  include  risks  that  are  brought  about  by  the  failure  of  the 
master  to  perform  his  duty. 

Fhiehut  GoUieiies  Co.  v.  Elam,  151  Southwestern,  34  (Eentucky),  December,  1912. 

DfJTTBT  TO  BOT  09  PBOHIBITBD  AQB. 

A  mining  company  employing  a  boy  in  its  coal  mine  in  yiolation 
of  &e  Alabama  statute  can  not,  in  an  action  by  such  boy  for  injuries 
resuItiDg  to  him  in  the  course  of  such  employment,  invoke  the  defense 
of  assumption  of  risk. 

De  Soto  IGning  &  Development  Co.  v.  Hill,  60  Southern,  583  (Alabama),  December, 

INEXPSRIENCBD  AND  YOUTHFUL  MmSR. 

A  youthful  and  inexperienced  miner  does  not  assume  the  risk  of 

injury  from  falling  rock  or  slate  where  he  was  directed  by  the  fore- 

iQAii  to  procure  coal  for  an  engine  and  where  he  blasted  it  as  directed 

i?  the  foreman,  and  where  he  was  ignorant  as  to  any  danger  from 

n)ek  or  slate  falling  from  the  roof  and  had  not  been  advised  as  to 

sach  danger  or  instructed  in  any  manner  in  respect  to  his  duties, 

^cept  as  to  how  and  where  to  shoot  the  coal. 

BnUer  v.  Elkhom  GonBolidated  Goal  &  Coke  Co.,  152  Southweetero,  955  (Een- 
tBcky),Jw«iary,  1913. 

DBFBCnVE  MACHINBBT. 

A  miner  does  not  and  can  not  assume  risks  caused  by  the  negli- 
gence of  the  mine  operator,  and  although  the  breakage  of  a  feed  chain 
^^  to  draw  a  coal-mining  machine  might  occur  on  occasions  of  unu- 
sual and  unavoidable  stress  on  the  machine,  and  accordingly  the  risks 
of  injury  from  such  causes  being  natural  and  incidental  to  the  service 
would  be  assumed  by  a  miner  operating  the  machine,  yet  the  miner 
did  not  assume  the  risk  resulting  from  continuing  to  use  a  chain  so 
defective  as  to  be  unsafe  for  ordinary  uses. 

Biadley  v.  Northern  Central  Coal  Co.,  151  Southwestern,  180  (Mifisouri),  November, 
1912. 

DBTBCnVB  APPLIANOB0. 

A  miner  was  engaged  with  others  in  sinking  a  prospect  shaft,  and 
for  the  purpose  of  carrying  on  the  work  and  removing  the  dirt  exca- 
vated a  car  was  operated  over  a  track  extending  up  to  and  over  a 
Ptft  of  the  coUar  of  the  shaft,  and  a  wooden  block  or  bumper  was 
I^aced  over  one  of  the  rails  to  prevent  the  car  from  passing  over  the 
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end  of  the  rail,  and  by  reason  of  the  car  whe^  coming  in  contact 
with  the  block  it  became  worn  and  defective  and  the  car  passed  over 
it  and  precipitated  the  miner  into  the  shaft  to  his  injury.  In  an 
action  by  the  miner  to  recover  for  such  injuries  it  was  determined 
that  the  miner  was  not  called  upon  to  conduct  a  series  of  experiments 
to  ascertain  the  extent  of  the  damage  occasioned  by  each  contact  of 
the  car  wheels  with  the  block  or  the  force  necessary  to  move  the  car 
over  the  block,  and  unless  the  bumper  was  manifestly  insufficient  to 
perform  the  service  required  of  it  the  miner  is  not  chargeable,  as  a 
a  matter  of  law,  with  the  assumption  of  the  risk. 

Killeen  v.  Barnes-King  Development  Co.,  127  Pacific,  89  (Montana),  October,  1912. 

DANGER  FROM  LIYB  ELBCTRIG  WIRES. 

A  court  can  not  decide  as  a  matter  of  law  that  a  miner  assumed 
the  risk  of  dangers  arising  from  the  presence  of  a  live  trolley  wire 
where  he  knew  that  contact  with  such  wire  would  shock  a  person, 
but  did  not  know  there  was  sufficient  power  to  seriously  hurt  or 
harm  a  person. 

WilliamB  v.  Bunker  Hill  &  SuUivan  Mining,  etc.,  Co.,  200  Fed.,  211,  October,  1912. 

DANGER  FROM  UNGUARDED  ELECTRIC  WIRES. 

The  fact  that  a  miner  has  knowledge  of  some  danger  by  contact 
with  a  live  electric  wire  does  not  necessarily  imply  that  the  results 
of  such  contact  are  appreciated  by  the  miner,  and  it  can  not  be 
said,  as  a  matter  of  law,  that  a  miner  unskilled  in  the  uses  of  elec- 
tricity comprehends  or  appreciates  that  if,  while  obeying  his  superior 
and  performing  his  ordinary  work,  he  should  toudi  an  uncovered 
wire  with  a  metal-bound  hose  he  would  receive  probably  severe  or 
fatal  injuries  by  reason  of  the  electric  current  passing  through  his 
body;  and  though  a  miner  may  have  knowledge  of  such  danger 
without  an  actual  appreciation  of  the  risk  to  which  he  is  exposed, 
and  though  the  miner  assumes  the  ordinary  risks  and  dangers  of 
working  in  a  mine,  as  well  as  the  ordinary  risks  which  he  knows  and 
appreciates,  yet  he  does  not  assume  the  risk  of  the  employer's  negli- 
gence where  the  effect  of  such  negligence  is  not  plainly  to  be  observed 
by  the  miner  upon  the  reasonable  use  of  his  senses. 
Williams  v.  Bunker  Hill  Mining,  etc.,  Co.,  200  Fed.,  211,  October,  1912. 

CHANGING  CONDrnONS. 

The  rule  that  a  miner  assumes  the  risk  where  the  conditions  are 
constantly  changing  and  the  risks  are  incident  to  the  operation  does 
not  apply  where  such  changed  conditions  are  in  an  adjacent  chute  or 
chamber  and  are  not  due  to  the  progress  of  the  work  of  the  miner,  but 
to  a  '*  squeeze  *'  of  which  the  operator  had  knowledge  and  of  which  the 
miner  himself  had  neither  knowledge  nor  warning. 

Gennaux  v.  Northwestern  Improvement  Co.,  130  Pftcific,  495  (Wellington),  Feb- 
foary,  1913, 
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VAILUBB  TO  TDfBBR  BOOF. 


An  employee  in  a  mine  whose  duties  were  those  only  of  a  loader 
do€s  not  assume  the  risk  of  the  operator's  failure  to  properly  timber 
and  support  the  roof  of  an  entry  in  the  mine,  where  such  employee 
had  nothing  to  do  with  respect  to  making  the  working  place  safe. 

Peabody  Alwert  Coal  Go.  v.  Yandell,  100  Northeaatem,  758  (Indiana),  February, 

WANT   OF  KNOWLBDGB  OF  DANOBROU8  STAIRWAY. 

A  mine  employee  who  had  made  but  one  trip  down  into  the  shaft 
of  a  mine  and  was  escorted  down  into  the  mine  by  two  other  miners, 
the  puipoee  being  to  show  him  the  way  down  the  shaft  and  where 
iiis  attention  was  not  called  to  the  fact  that  the  bottom  flight  of  the 
stairway  was  without  banisterS;  did  not  on  entering  the  mine  on  the 
second  day  to  begin  work  assume  the  risk  of  an  injury  due  to  his 
filling  on  such  lower  stairway  while  reaching  for  the  missing  ban- 
ister after  the  light  on  his  cap  had  been  extinguished  by  some  falling 
subiianee. 

Onwimfln  Lignite  Go.  v.  Hubner,  154  Southwestern,  249  (Tezaa),  March,  1913. 

OONYICr  MINBR  NOT  CHARGED   WIIH  THB  ASSUMPTION  OV  RISKS. 

A  convict  working  in  a  mine  under  involuntary  servitude  can  not 
be  held  to  have  assumed  the  risk  of  negligence  on  the  part  of  the  coal 
operator's  employees  in  the  mine  nor  of  his  fellow  convicts  at  work 
in  the  mine. 

SoB^^effiekl  Steel  &  Iron  Go.  v.  Weir,  60  Southern,  851  (Alabama),  January,  1913. 

L  FEIGMISE  OF  OFEBATO&  TO  BEPAIBr-EFFEOT. 
HINEB  MAT  BELT   ON  FBOMI8B. 

A  miner  has  the  right  to  rely  on  the  promise  of  a  mine  foreman  to 
remedy  the  dangerous  condition  of  the  roof  of  an  entry  in  a  mine 
^here  the  miner  was  carrying  out  the  immediate  directions  and  orders 
^  such  foreman  and  where  the  danger  was  not  imminently  obvious. 

BflMrfwiy  Ckwd  Mining  Co.  v.  Robinson,  150  Southwestern,  1000  (Kentucky), 
Jwnmber,  1912. 

A  miner  with  but  slight  acquaintance  with  the  particular  mine  in 
^h  he  was  working  may  rely  on  the  promise  of  the  mine  operator 
to  do  the  necessary  timbering  as  soon  as  the  timbers  could  be  gotten 
into  the  mine  from  the  surface;  although  he  knew  that  the  roof  of 
Wsroom  sounded  ''loose  and  drummy,"  but  the  pit  boss  assured  him 
that  he  knew  from  his  greater  experience  the  place  was  safe  and 
^md  him  to  continue  work,  and  where  the  danger  was  not  so  ap- 
P^^t  that  a  reasonably  cautious  man  would  have  seen  and  appre- 
ciated it. 

Baddicb  p.  Fhillipv  Coal  Co.,  138  |7orthwestem,  406  (Iowa),  November,  1912, 
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MINING  LEASES. 

A.  Leases  Generally — Constbuotion 

B.  Coal  Leases. 

C.  Oil  and  Gas  Lands. 

D.  Phosphate  Lands. 


A.  LEASES  GENBBAIiLY— OONSTBTTOTIOV. 
LEASEHOLD   INTEREST  IN  MININO  CLAIM. 

A  leasehold  interest  in  a  mining  claim  under  a  lease  for  five  years 
is  not  a  freehold  estate. 

Equitable  Minee  Corporation  v.  Maxwell,  127  Pacific,  243  (Colorado),  October,  1912. 

DEVELOPMENT  AND  FORFEFTURE. 

Leases  of  lands  for  the  exploration  and  development  of  minerals 
are  generally  executed  by  the  lessor  in  the  hope  and  upon  the  condi- 
tion; express  or  implied,  that  the  land  shall  be  developed  for  minerals ; 
and  it  would  contravene  the  nature  and  spirit  of  such  a  lease  to  per- 
mit the  lessee  to  hold  it  any  considerable  length  of  time  without 
making  any  effort  whatever  to  develop  the  land  according  to  the 
express  or  implied  purpose  of  the  lease.  And  though  equity  abhors 
a  forfeiture,  yet  when  such  a  forfeiture  works  equity  and  is  essential 
to  public  and  private  interests  in  the  development  of  minerals  in  land, 
then  the  lessor  as  well  as  the  public  will  be  protected  from  the  laches 
of  a  lessee^  and  a  forfeiture  under  such  circumstances  will  be  decreed. 

Killebrew  v.  Murray,  161  Southweetem,  662  (Kentucky),  December,  1912. 

SURRENDER  OF  LEASE — ^FORFEITURB. 

A  common  form  of  lease  of  undeveloped  lode  mining  property 
which  the  lessor  seeks  to  have  developed  at  the  expense  of  the  lessee 
who  assumes  the  burden  of  expense  of  developing  the  property  in 
the  hope  of  finding  a  paying  mine  is  nonforfeitable  so  long  as  the 
lessee  properly  performs  the  required  labor,  but  failing  to  perforin 
the  required  work  the  lessor  may  forfeit  the  lease,  and  the  lessee 
may  after  the  performance  of  a  certain  amount  of  labor  upon  the 
property  abandon  or  surrender  the  lease,  if  the  prospect  for  profitable 
tniniTig  will  not  warrant  a  continuation,  as  the  law  assumes  that  it 
was  in  the  contemplation  of  the  parties  that  the  showing  of  condi- 
tions upon  the  leased  premises  that  would  not  justify  further  expendi- 
tures upon  the  part  of  the  lessee  warrants  him  in  terminating  the 
lease. 


Girton  t .  Daniels,  129  Pactflc,  656,  p.  667  (Nevada),  February,  191S. 
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1>X3TT   OF  LESSEE  TO  PBOTECT   8UBFACE. 

The  lessee  of  a  miniTig  lease  must  protect  the  surface  of  the  ground 

in  whidi  a  mine  is  located. 

Gulf  Pipe  Go.  9.  Pawnee-Tulsa  Petroleum  Co.,  127  Pacific,  252  (Oklahoma),  October, 
1912. 

LEASE   NOT  ACCEPTED. 

A  Tnimng  company  can  not  be  held  liable  under  the  terms  of  a 
lease  which  it  never  in  fact  accepted  or  acted  upon. 

SOriU  «.  Big  Muddy  Mining  Co.,  100  Northeastern,  968  (Illinois),  February,  1913. 
DELIVEBY  OF  LEASE   IN   VIOLATION   OF  CONDITIONS. 

A  person  in  the  possession  of  a  mining  lease  and  authorized  to 
dehver  the  same  to  the  lessee  only  after  it  had  been  submitted  to  and 
approved  by  a  certain  named  person  can  not  make  a  valid  delivery 
of  such  lease  to  the  lessee  without  its  being  submitted  to  and  approved 
by  the  person  named. 

StiriU  V.  Big  Muddy  Mining  Co.,  100  Northeastern,  968  (Illinois),  February,  1913< 

CONSIDERATION  FOR  ASSIGNMENT  OF  LEASE. 

The  assignment  of  a  mining  lease  for  the  development  of  mining 
property,  where  work  done  under  the  lease  may  disclose  a  mine  of 
great  value,  is  a  sufficient  consideration  to  support  an  agreement  on 
the  part  of  one  assignee  to  bear  one-third  of  the  expenses  of  develop^ 
ing  the  mine,  though  the  subsequent  development  of  the  property 
shows  that  the  lease  was  in  fact  valueless. 

Gtrtoii  9.  Daniels,  129  Pacific,  555,  p.  557  (Nevada),  February,  1913. 

ORAL   AGREEMENT   TO   SHARE   IN   LEASE. 

An  oral  agreement  by  which  three  persons  agree  to  be  equal 
coowners  of  a  mining  lease  and  each  contributes  the  equal  one-third 
part  of  the  work  and  expenses  in  developing  the  mining  claims 
covered  by  the  lease,  and  share  equally  in  any  profits  arising  from  the 
business,  is  not  void  as  being  within  the  statute  of  frauds,  where  the 
lease  under  its  provisions  could  have  been  terminated  by  the  act  of 
the  parties  within  a  year,  and  one  of  the  three  persons  failing  to 
contribute  his  part  of  the  assessment  work  is  hable  to  the  others. 

Gtrton  «.  Daniels,  129  P^ific,  565  (Nevada),  February,  1913. 

B.  GOAL  LEASES. 
SUIT  TO  CANCEL   COAL  LEASE. 

A  lessor  may  maintain  a  bill  to  cancel  and  annul  a  coal-mining  lease 
whoe  the  terms  of  the  lease  have  been  violated  by  reason  of  the 
failure  to  pay  rents  and  royalties,  and  failure  to  work  the  mines  with 
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reasonable  diligence,  and  failure  to  open  and  operate  the  mine  in  a 
skiUftd  and  minerlike  way,  and  where  it  is  averred  that  the  defendant, 
assignee  of  the  lease,  is  insolvent  and  unable  to  work  the  property  aa 
contemplated  by  the  lease. 

Peerless  Coal  Co.  v.  Lamar,  60  Southern,  837  (Alabama),  January,  1913. 

BIGHTS   UNDEB  COAL  LEASES. 

A  lease  by  which  the  lessor  leased  certain  coal  lands,  together  with 
certain  surface  privileges  for  mining  purposes,  to  the  lessee  for  a 
stated  period  or  until  the  coal  and  minerals  were  worked  out  does  not 
authorize  the  lessee  to  use  the  leased  premises  or  the  openings  and 
apertures  to  the  mine  on  the  leased  lands  for  the  purposes  of  mining 
coal  from  adjacent  lands  not  belonging  to  the  lessor,  and  such 
improper  use  of  the  leased  lands  by  the  lessee  will  be  enjoined,  as  the 
uses  expressly  granted  are  equivalent  to  a  negative  covenant  on  the 
part  of  the  lessee  that  the  leased  premises  would  not  be  used  for  pur- 
poses other  than  those  stipulated. 

Brasfield  v.  Bumwell  Coal  Co.,  eo  Southern,  382  (Alabama),  December,  1912. 

BIGHTS    OF    LESSEE    UNDEB    LEASE    FOB    SEFABATE    TBAOTS    OF    COAL 

LANDS. 

A  lessor  who  leased  a  particular  tract  of  coal  land  to  the  lessee  for  a 
stated  period  or  until  the  coal  or  minerals  were  all  worked  out,  with 
the  necessary  surface  rights,  may  enjoin  such  lessee  from  using  the 
surface  rights  for  the  mining  of  coal  from  an  entirely  separate  tract 
of  land  held  under  another  and  distinct  lease  from  a  different  lessor. 

Brasfield  v.  Bumwell  Goal  Co.,  60  Southern,  382  (Alabama),  December,  1912. 

EIGHT  OF  LESSEE   UNBEB  GOAL  LEASB. 

A  lease  of  separate  tracts  of  coal  lands  to  a  lessee  for  a  stated  period 
or  until  the  coal  was  mined  out,  with  the  necessary  surface  privileges 
for  mining,  did  not  authorize  the  lessee,  after  mining  the  coal  from 
one  tract,  to  extend  its  tunnels  from  the  tract  so  mined  through 
adjoining  coal  lands  owned  by  a  different  person  in  order  to  reach  a 
separate  tract  held  under  his  lease,  and  to  mine  out,  by  extending 
such  tunnels  and  by  the  use  of  the  surface  privileges,  the  coal  in 
such  adjoining  tract,  though  this  was  the  most  practical  and  eco- 
nomical method  of  mining  under  his  lease  the  coal  in  the  separate 
tract. 

Brasfield  v.  Bumwell  Goal  Co.,  60  Southern,  382  (Alabama),  December,  1912. 
AUTHOBITT  TO   DUMP  BEFUSE  ON   SUBFACE. 

A  lease  of  coal  lands  gave  the  lessee  certain  surface  privileges  for 
the  use  of  mining,  including  the  dumping  of  slate  taken  from  the 
leased  premises  in  the  operation  of  the  mine,  but  it  did  not  either 
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expieady  or  impliedly  authorize  ihe  lessee  to  dump  slate  on  the 
sorfice  taken  from  coal  mines  held  under  a  separate  and  distinct 
Wise  from  other  lessors. 
BiMfield  «.  BumweU  Goal  Co.,  dO  Southern,  382  (Alabama),  December,  1912. 

C.  OIL  AND  GAS  LBA8B. 

CONSTRUCrriON. 

03  and  gas  leases  must  he  construed  in  the  light  of  surrounding 
circumstances.  It  is  a  matter  of  common  knowledge  that  anyone 
can  not  estimate  the  exact  time  within  which  a  well  can  be  com- 
pleted; that  delays  due  to  trivial  or  grave  accidents  and  other  causes 
bejond  the  possibility  of  accurate  anticipation  are  likely  to  occur; 
and  that  under  such  circimistances  adherence  to  the  strict  letter  of  an 
extension  clause  of  a  lease  might  inflict  disastrous  losses  upon  diligent 
and  honest  lessees,  a  consequence  obviously  not  within  the  intent  of 
either  party.  Such  leases  are  drawn  for  aJl  sorts  of  territory,  some 
known  to  be  rich  in  minerals  and  others  not  known  to  contain  any, 
and  accordingly  their  terms  are  varied  to  allow  for  such  differences, 
and  in  territory  remote  from  profitable  operation  such  leases  are 
often  taken  without  reasonable  expectation  of  immediate  advantage 
to  the  lessor  other  than  a  nominal  rental  in  the  form  of  delay  money 
and  with  the  expectation  of  delay  in  drilling  imtil  neighboring  lands 
are  shown  to  contain  minerals  sufficient  to  justify  exploration  and 
operation. 

South  Penii  Oil  Co.  v.  Snodgraas,  76  Southeastern,  961  (West  Virginia),  January, 
1913. 

IMPLIED  COVENANT. 

There  is  always  an  implied  covenant  on  the  part  of  a  lessee  in  an 
oil  and  gas  lease  to  operate  the  leased  property  for  the  mutual  benefit 
of  both  parties,  and  such  covenant  imposes  on  the  lessee  a  duty  to 
drill  as  many  wells  on  the  leased  premises  as  are  necessary  to  obtain 
therefrom  all  the  oil  and  gas  that  is  reasonably  fair  and  profitable  to 
extract  and  market;  but  this  implied  covenant  is  subject  to  the  right 
of  the  lessees  at  any  time  wholly  to  cease  operations  and  to  abandon 
the  property,  in  the  absence  of  an  express  covenant  to  operate  the 
premises^  and  under  such  implied  covenant  the  lessee  has  an  option  to 
give  up  his  lease  at  any  time  without  liability,  or  to  exhaust  the 
mineral  resources  of  the  leased  premises,  but  choosing  the  latter  he 
must  operate  in  a  skillful,  diligent,  and  just  manner  as  long  as  he 
occupies  and  uses  the  premises. 

Hall  V.  Sooth  Penn  Oil  Co.,  76  Southeastern,  124  (West  Virginia),  October,  1912. 
DILIOBNCE    AND    GOOD    FAITH — OPEBATION8    AND    DI8COVEEY. 

Under  the  ordinary  oil  and  gas  lease  mere  discovery  of  mineral 
vests  an  estate,  and  without  actual  production  gives  a  right  to  con- 
Unne  operations,  and  cessation  of  actual  production  is  excused  by 
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adverse  conditions  and  miscarriages  which  must  hare  been  con- 
templated by  the  parties,  though  not  specified  in  the  lease;  the  tests 
of  duty  and  right  are  diligence  and  good  faith  in  almost  all  cases  when 
thio  terms  read  in  the  light  of  the  conditions  and  circumstances  will 
permit  their  observance. 

South  Peim  Oil  Co.  v.  Snodgraasi  76  Southeaatem,  961  (Wert  Viiginia),  January, 
1913. 

BEASONABLE  TIME  TO  ENTEB  AND  FROSPEOT. 

While  a  "reasonable  time"  to  enter  upon  pranises  and  prospect 
under  an  oil  and  gas  lease  is  in  a  sense  imcertain,  vague,  and  in- 
definite; and  may  be  dependent  upon  surrounding  circumstances, 
yet  a  lessee  under  such  a  lease  acquires  substantial  rights  that  will 
receive  the  same  consideration  and  protection  at  law  and  in  equity 
as  will  those  of  a  lessee  whose  period  for  entiy  and  prospecting  is 
definitely  fixed. 

Smith  V.  Guffy,  202  Federal,  106,  October,  1912. 

PRODUCTION  OF  OIL  IN  PAYING  QUANTITIES. 

A  stipulation  in  an  oil  and  gas  lease  to  the  effect  that  the  term 
shall  continue  as  much  longer  thereafter  as  oil  or  gas  shall  be  found 
in  paying  quantities  requires  that  oil  or  gas  shall  be  actually  discov- 
ered and  produced  in  paying  quantities  within  the  term;  and,  under 
such  stipulation,  it  is  not  enough  to  complete  a  well  having  some 
indications  of  oil,  or  a  well  that  might  be  developed  into  a  well  pro- 
ducing oil  in  paying  quantities,  but  the  lessee  must  actually  find  oil 
in  paying  quantities. 

South  Penn  Oil  Go.  v.  Snodgnun,  76  Southeastern,  961  (West  Virginia),  January^ 
1913. 

LESSEE  ENTITLED  TO  EXCLUSIVE  POSSESSION. 

A  lessee  entitled  to  the  exclusive  right  of  gas  and  oil  produced  on 
the  tract  of  land  under  an  imexpired  lease  from  the  owner  of  the  land 
may  enjoin  any  trespass  thereof,  and  the  threatened  drilling  of  a  well 
by  a  stranger  for  the  purpose  of  extracting  the  oil  and  gas,  as  the 
damages  that  would  accrue  in  such  a  case  are  regarded  as  incapable 
of  definite  ascertainment  and  an  action  at  law  does  not  give  adequate 
relief. 

Campbell  v.  Smith,  101  Northeaatem,  89  (Indiana),  March,  1913. 

EXCLUSIVE  BIGHT — EPPECT  OF  BBLEASE. 

An  oil  and  gas  lease  gave  the  lessee  the  exclusive  right  to  drill  and 
sink  wells  for  oil  and  gas  on  the  leased  premises  and  to  take  and  re- 
move the  same  therefrom,  and  the  right  to  dig  and  use  watw  wells 
thereon,  with  the  exclusive  right  to  lay  pipes  and  mains,  and  an  ex- 
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duaiye  right  of  way  to  conduct  the  oil  and  gas  from  and  through  the 
leased  premises.  Subsequently;  the  lessor  platted  a  portion  of  the 
leased  premises  as  an  addition  to  a  village  and  dedicated  streets  and 
alleys  to  the  public,  and  thereupon  the  lessee,  for  a  valuable  con- 
sideration, released  all  right  to  drill  for  oil,  gas,  or  water  on  the  lots 
or  streets  so  platted,  as  well  as  the  right  to  lay  pipes  and  mains  in  or 
across  such  platted  premises;  and  the  release  further  provided  that 
if  the  lessor  thereafter  granted  the  right  to  drill  for  oil  or  gas  upon 
any  of  such  lots  or  streets  or  to  remove  oil  or  gas  therefrom  or  lay 
gas  or  oil  pipes  therein,  then  the  original  lease  shall  be  reinstated  in 
fuU  force  and  effect.  In  an  action  between  the  lessee  and  a  gas  com- 
pany supplying  gas  as  a  public-service  corporation  to  the  inhabitants 
of  the  village  it  was  decided  by  the  court  that  the  grant  of  the  right 
by  the  village  to  such  public-service  corporation  to  lay  its  pipes  and 
mains  through  the  streets  of  sUch  platted  part  of  the  original  leased 
premises  did  not,  under  the  terms  of  such  release,  revive  the  exclusive 
right  of  the  original  lessee  to  carry  on  its  operations  upon  such  platted 
and  released  part  of  the  original  leased  premises,  as  the  original  lessor 
had  nothing  to  do  with,  and  no  power  over,  the  granting  of  the  right 
to  such  public-service  company  to  lay  its  pipes  and  mains  in  the  pub- 
lic streets,  and  where  no  right  was  given  to  such  public-service  com- 
pany by  the  lessor  to  drill  or  sink  any  such  enumerated  wells  upon 
any  of  the  lots  of  such  platted  portion  of  the  original  leased  premises. 

CacToUv.  Silver  Creek  Gas  it  Improvement  Co.,  139  New  York  Supp.,  161,  October, 
1912. 

LESSEE   CAN   NOT  BfAINTAIN   INJXTNCTION   BEFORE   PROSPECTING. 

A  lessee  in  an  oil  and  gas  lease  providing  for  the  payment  of  a 
royalty  to  the  lessor  on  the  production  of  oil  or  gas,  and  requiring 
the  lessee  to  complete  a  well  within  a  stated  time  or  pay  a  stipulated 
sum  during  the  period  of  delay,  and  giving  the  lessee  the  option  to 
cancel  it  at  any  time  on  payment  of  a  nominal  sum,  can  not,  prior 
to  the  discovery  of  any  oil  or  gas  by  him,  maintain  a  suit  in  equity 
against  either  the  lessor  or  a  subsequent  lessee  who  has  with  notice 
of  the  prior  lease  entered  upon  and  is  operating  the  premises,  for  the 
protection  and  enforcement  of  the  right  conferred  by  the  lease,  but 
must  depend  solely  upon  his  remedy  at  law. 

Smith  V.  Gutty,  202  Fed.,  106,  October,  1912. 

LESSEE   MAY   ENJOIN   SUBSEQUENT   LESSEE   FROM   OPERATING. 

An  oil  and  gas  lease  for  certain  described  premises,  with  the  right 
to  enter  thereon  and  with  the  ordinary  privilege  of  operating  the 
same  for  oil  and  gas,  gives  to  the  lessee  a  vested  interest  in  the  oil 
obtained  from  such  premises  and  authorizes  the  lessee  to  maintain 
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an  action  for  damages  and  to  enjoin  a  subsequent  lessee  of  the  same 
premises  claiming  under  a  second  lease  from  the  landowner  from 
operating  the  premises  and  from  taking  and  removing  oil  therefrom. 

Eahle  v.  Crown  Oil  Co.,  100  Northeastern,  681  (Indiana),  January,  1913. 
SECOND  LESSEE   NOT   WILLFUL  TRESFASSBB. 

Where  a  court  of  general  and  competent  jurisdiction  declared  axi 
oil  and  gas  lease  invalid  and  canceled  the  same  and  on  the  faith  of 
such  determination  the  landowner  leased  the  same  premises  to 
another  person  who  thereupon  operated  the  same  and  mined  and 
removed  oil  therefrom;  such  second  lessee  can  not  be  regarded  as  a 
wiOful  trespasser  and  held  liable  in  damages  as  such  where  the 
original  lessee  subsequently  appealed  his  case  to  the  supreme  court 
and  the  judgment  of  the  lower  court  was  reversed  and  his  lease  held 
valid. 

Eahle  v.  Crown  Oil  Co.,  100  Northeastern,  681  (Indiana),  January,  1913. 

DUTY  AS  TO   PLACE   OF  DRILLINO. 

The  lessee  of  oil  and  gas  under  a  large  tract  of  land  can  not  drill  a 
well  where  it  will  endanger  the  property  and  Uves  of  others  who  are 
lawfully  using  the  surface  when  such  lessee  can  drill  at  other  places 
that  are  equally  advantageous  to  him  and  will  not  endanger  the 
Uves  and  property  of  those  using  the  surface. 

Qulf  Pipe  Line  v.  Pawnee-Tulaa  Petroleum  Co.,  127  Pacific,  252  (Oklahoma),  Novem- 
ber, 1912. 

ASSIGNMENT  OF  LEASE — EFFECT  AND  VALIDrTT. 

Under  the  statute  of  Pennsylvania  a  prothonotary  of  a  common 
pleas  court  is  not  authorized  to  take  the  probate  of  an  unacknowl- 
edged assignment  of  an  oil  and  gas  lease  to  qualify  it  for  record, 
and  the  record  of  such  an  assignment  is  a  nuUity  and  confers  no 
right  upon  the  assignee. 

Midland  Gas  Co.  v.  Jefferaon  County  Gas  Co.,  85  Atlantic,  853  (Pennsylvania), 
November,  1912. 

ASSIGNMENT   OF  OIL   LEASE   AND  RIGHTS   OF   ASSIGNEE. 

A  pretended  assignee  claiming  an  oil  and  gas  lease  under  an 
invalid  assignment  can  not  estop  the  lessor  from  executing  a  second 
lease,  the  original  having  been  surrendered  and  canceled,  by  induc- 
ing him  to  accept  the  rentals  stipulated  in  the  first  lease  for  a 
failure  to  complete  a  well  on  the  premises  within  the  specified  time 
by  falsely  representing  that  a  fraud  had  been  perpetrated  in  the 
cancelation  and  surrender  of  the  lease  and  that  he  was  in  fact  the 
rightful  owner  of  such  a  lease. 

Midland  Gas  Co.  v,  JefEereon  Co\inty  Gas  Co.,  85  Atlantic,  853  (Pennsylvania), 
November,  1912. 
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LEASE  OF  •  INDIAN   LANDS — ASSIOKMBNT. 

The  recordation  laws  of  Arkansas  extended  to  and  put  in  force  in 
the  Indian  Territory  before  statehood,  and  there  construed,  do  not 
require  the  recording  of  an  assignment  of  an  oil  and  gas  lease  of  Indian 
lands  in  order  to  give  the  assignment  validity. 

Scott  V,  Signal  Oil  Co.,  128  Pacific,  694  (Oklahoma),  December,  1912. 

LPASE   OF   INDIAN   LANDS — ASSIGNMENT  OF  ROTALTT. 

An  assignment  of  royalty  due  under  a  gas  and  oil  lease  given  by  a 
Quapaw  Indian  on  his  allotment  of  land  is  not  an  alienation  of  a  part 
of  hk  land  within  the*meaning  of  the  act  of  March  2,  1895  (28  Stat., 
907),  making  such  allotments  inaUenable  for  25  years. 

Wat-tah-noh-zhe  v,  Moore,  129  Pacific,  877  (Oklahoma),  January,  1913. 

LIABILmr   OF  ASSIGNEE. 

In  an  action  by  a  lessor  of  an  oil  and  gas  lease  against  an  assignee 
of  the  lease,  where  the  fact  of  the  assignment  of  a  lease  arose  out  of  a 
transaction,  of  which  the  tessor  was  not  cognizant,  between  the  lessee 
and  the  defendant  in  the  action,  proof  of  possession  of  the  leased 
premises  by  such  defendant  is  sufficient  to  warrant  an  inference  that 
the  lease  is  assigned  and  that  the  defendant  is  in  possession  of  the 
premises  as  an  assignee  of  the  lessee,  and  it  may  be  inferred  that  a 
contract  between  such  assignee  and  the  lessor,  as  to  the  drilling  of 
additional  wells,  was  made  with  reference  to  the  original  lease,  and 
especially  where  it  is  shown  that  the  assignee  had  in  his  possession 
the  original  lease. 

Indiana  Natural  Gas  &  Oil  Go.  v.  Duling,  100  Northeastem,  96  (Indiana),  December, 
1912. 

FAILURE  TO   OPERATE — REMEDY   OF   LESSOR. 

Under  an  oil  lease  the  failure  of  the  leasee  to  drill  additional  wells 
under  conditions  imposing  the  duty  to  do  so  makes  the  lessee  Uable  in 
damages  to  the  lessor  for  which  the  remedy  at  law  is  adequate,  but 
such  failure  affords  no  ground  for  either  part  or  entire  cancellation  or 
rescission  of  the  lease,  in  the  absence  of  a  stipulation  to  that  effect. 

Hall  V.  South  Penn  Oil  Co.,  76  Southeastern,  124  (West  Viiginia),  October,  1912. 
TERMINATION    AND   EXTENSION   OF   LEASE. 

Under  an  oil  and  gas  lease  for  a  term  of  10  years,  and  as  long  there- 
after as  oil  or  gas  is  produced  from  the  leased  premises,  the  discovery 
of  oil,  though  in  unremunerative  quantities,  by  the  drilling  of  a  weD 
within  the  specified  term  of  10  years,  will  extend  the  term  where  there 
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has  been  a  faithful,  diligent,  and  expensive  effort  to  make  the  well 
produce  in  paying  quantities  and  otherwise  develop  the  leased  premi- 
ses, under  the  rule  that  discovery  of  oil' within  the  term  vests  an 
estate,  terminates  the  mere  right  of  exploration,  and  creates  the 
relation  of  landlord  and  tenant  until  the  end  of  the  fixed  term,  and 
the  estate  so  vested  can  be  brought  to  an  end  within  the  term  only 
by  a  declaration  of  forfeiture  for  abandonment  or  surrender. 

South  Penn  Oil  Go.  v.  Snodgrass,  76  Southeastern,  961  (Weet  Viiginia),  January,  1913. 

CONDmONS   AND   POBFErTUBB. 

A  lease  of  oil  lands  providing  that  if  a  well  was  not  drilled  on  the 
premises  within  one  year  the  lease  should  be* void,  unless  the  lessee 
should  within  60  dajrs  from  the  beginning  of  each  year  pay  a  rental 
of  25  cents  per  acre  until  a  well  was  drilled  or  the  lease  canceled, 
requires  the  lessee  either  to  drill  a  well  within  one  year  or  to  pay  the 
required  rental,  and  is  in  effect  an  option  agreement,  and  by  the  lessee 
failing  to  do  either  the  lease  became  forfeited  and  no  rent  was  due 
thereunder. 

Doming  Investment  Co.  v,  Lanham,  130  Pacific,  260  (Oklahoma),  February,  1913- 

BBEACH  OP  CONDiriON — FOBFErTUBE. 

An  oil  and  gas  lease  requiring  the  lessee  to  commence  operation 
within  four  months  and  continue  with  diligence  until  completed^ 
unavoidable  delays  and  accidents  excepted,  and  providing  that  the 
lease  shall,  upon  the  failure  to  complete  a  well  as  provided,  be  null 
and  void,  is  forfeited  and  is  of  no  effect  where  the  lessee  drilled  one 
unproductive  well  and  drilled  another  well  to  a  depth  of  about  1,200 
feet  and  then  abandoned  the  premises,  removed  all  drilling  ma- 
chinery, and  made  no  further  effort  to  develop  the  leased  premises ; 
and  such  abandonment  by  the  lessee  was  conclusive  on  the  question 
of  his  construction  of  the  lease,  and  conclusively  shows  that  he 
understood  that  the  lease  became  void  by  its  express  terms,  and  he 
could,  therefore,  confer  no  right  by  a  subsequent  pretended  assign- 
ment of  the  lease. 

Shannon  v.  Long,  60  Southern,  273  (Alabama),  December,  1912. 

CANCELLATIONS-PLEADING. 

In  an  action  to  cancel  an  oil  lease  because  of  the  lessee's  failure 
properly  to  develop  the  premises  and  to  drill  wells  suflBlcient  to 
prevent  loss  by  drainage  of  the  oil  or  gas  from  the  leased  premises 
through  wells  owned  by  the  lessee  on  adjacent  lands  the  complaint 
must  state  facts  showing  with  reasonable  certainty  such  drainage 
in  substantial  quantities,  and  should  show  a  clear  intent  on  the  part 
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of  the  lessee  to  obtain  the  oil  and  gas  from  the  leased  premises 
through  his  own  wells  on  adjacent  lands  by  his  failure  and  refusal 
properly  to  develop  and  drill  on  the  leased  premises. 

Hall  V.  South  Penn  Oil  Co.,  76  Southeastern,  124  (West  Virginia),  October,  1912. 

CANCELLATION — WAT^EB. 

A  vendor  of  real  estate  reserving  a  vendor's  lien  to  secure  the 

unpaid  purchase  money,  and  reserving  also  one-half  the  oil  and  gas 

can  not,  after  the  foreclosure  of  his  lien  and  the  purchase  of  the 

property  on  decretal  sale,  maintain  an  action  to  cancel  an  oil  lease 

on  the  land  executed  by  the  vendee  during  his  rightful  possession 

where  such  vendor  has  continued  to  receive  and  accept  the  rentals 

payable  for  such  one-half  of  the  oil  and  gas  reserved  by  him,  as  he 

thereby  recognized  the  right  of  his  vendee  to  make  a  lease  of  the 

entire  oil  and  gas  interest,  on  payment  to  him  of  such  rentals  for  the 

oil  and  gas  thus  reserved. 

Batten  v.  Hope  Natural  Graa  Co.,  76  Southeastern,  889  (West  Virginia),  December, 
1912. 

LEASE  NOT  AFFECTED  BY  SUBSEQUENT  DEED. 

A  landowner  leased  his  lands  to  a  lessee  for  oil  and  gas  develop- 
ment, the  lease  providing  for  the  delivery  to  the  lessor,  in  a  pipe  line, 
of  a  stipulated  part  of  all  oil  produced  and  for  the  payment  to  the 
lessor  of  a  stipulated  sum  per  year  for  each  gas  well  used.  A  sub- 
sequent deed  by  the  landowner  granting  a  certain  portion  of  all  the  oU 
and  gas  found  within  a  part  of  such  leased  tract  did  not  grant  such 
stipulated  part  of  the  oil  and  gas  in  place  in  the  ground,  but  only 
passed  to  such  grantee  the  right  to  have  delivered  in  the  pipe  line, 
by  the  lessee,  such  stipulated  part  of  the  oil  produced  and  the  stipu- 
lated part  of  the  rental  for  the  gas  wells. 

Homer  v,  Philadelphia  Co.,  etc.,  76  Southeastern,  662  (West  Virginia),  November, 
1912. 

JOINT   LESSORS — SINGLE   LEASE. 

An  oil  and  gas  lease  executed  by  three  several  owners  of  con- 
tiguous lands  that  describes  the  leased  lands  as  a  single  tract  without 
any  intimation  of  several  ownerships  of  parts  thereof,  or  any  sug- 
gestion of  intent  to  make  separate  tenancies,  and  stipulates  for  a 
single  well  on  the  premises,  or  in  lieu  thereof  the  payment  of  a  lump 
sum  of  money  as  rental,  and  provides  for  the  liquidation  of  aU  rentals 
upon  the  completion  of  the  well,  is,  as  between  the  lessors  and  the 
lessee,  a  joint  lease  of  a  single  tract  of  land,  and  the  drilling  of  a  well 
and  production  from  any  place  on  the  premises  would  be  a  compliance 
with  the  terms  of  the  lease  and  would,  according  to  its  provisions, 
extend  the  lease  for  another  term  of  equal  duration. 

South  Penn  Oil  Co.  v,  SnodgraaSi  76  Southeastern,  961  (West  Virginia),  January,  1913. 
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CONDITIONAL  TENANCY. 

An  oil  and  gas  lease  for  a  stated  term  of  years  and  as  much  longer 
as  oil  or  gas  is  produced  from  the  leased  premises  that  recites  a 
nominal  consideration  and  imposes  conditions  for  nonperformance 
by  which  forfeiture  is  imposed,  but  contains  no  covenant  on  the 
part  of  the  lessee  to  drill  a  well  or  to  pay  money  for  failure  to  do  so, 
creates  only  a  conditional  tenancy  that  until  its  expiration  is  bind- 
ing upon  the  lessor  in  accordance  with  the  terms  of  the  lease,  if  the 
stipulated  conditions  are  performed. 

South  Peiin  Oil  Co.  v,  Snodgra^,  76  Southeastern,  961  (West  Virginia),  January, 
1913. 

CONTRACT  FOE  SELLING  OIL  LEASES — STATUTE   OP  FRAUDS. 

A  parol  contract  for  the  sale  of  oil  leases  is  within  the  statute  of 
frauds,  but  where  such  an  agreement  has  been  executed  and  the 
contract  of  sale  fully  performed  by  proper  transfer  of  the  leases  and 
nothing  remains  to  be  done  except  paying  the  purchase  price,  the 
statute  of  frauds  can  not  be  invoked  as  a  means  of  defeating  an 
action  for  the  purchase  price. 

Love  V.  Kirkbride  Drilling  &  Oil  Co.,  129  Pacific,  858  (Oklahoma),  January,  1913. 

OWNERSHIP  OF  OIL  IN  PLACE. 

An  oil  and  gas  lease  of  certain  described  real  estate  with  the  exclu- 
sive right  of  drilling  for  gas  and  oil  does  not  create  in  the  lessee  an 
ownership  of  the  oil  and  gas  in  the  earth,  but  gives  to  the  lessee  the 
exclusive  right  to  mine  for  oil  and  gas  on  the  premises,  and  as  oil 
and  gas  are  not  the  subject  of  property  until  reduced  to  possession, 
the  lease  is  no  more  than  an  agreement  for  the  exclusive  right  to 
prospect  and  market  the  product,  and  creates  the  diflFerence  between 
a  lease  of  mines  and  a  license  to  work  mines — the  former  being  a 
distinct  conveyance  of  an  actual  interest  or  estate  in  lands,  while 
the  latter  is  only  the  incorporeal  right  to  be  exercised  in  the  lands 
of  others  and  may  be  held  apart  from  the  possession  of  the  land. 

Campbell  v.  Smith,  101  Northeaatern,  89  (Indiana),  March,  1913. 

D.  PHOSPHATE  LANDS. 
REASONABLE  TIME  FOR  BEGINNING  OPERATION. 

In  the  absence  of  a  provision  as  to  the  time  for  the  commence- 
ment of  operations  in  a  lease  of  lands  for  mining  phosphate,  the 
presumption  is  that  operations  were  to  begin  within  a  reasonable 
time;  but  where  the  lease  fixed  a  time  within  which  operations 
should  begin,  then  the  time  fixed  must  be  regarded  as  a  reasonable 
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time,  and  on  failure  to  begin  the  mining  operations  within  the  time 
fixed,  or  within  a  reasonable  time  in  the  absence  of  any  fixed  time, 
such  failure 'may  be  treated  by  the  grantor  as  an  abandonment  by 
the  grantee  of  the  leased  premises. 

Killebrew  v.  Murray,  151  Southwestern,  662  (Kentucky),  December,  1912. 

TERMINATION  OF  LEASE. 

A  lease  for  mining  phosphate  from  certain  lands  for  a  period  of 
10  years,  and  by  the  terms  of  which  the  lessee  may  at  any  time,  by 
written  notice,  terminate  the  lease,  is  in  legal  effect  terminable  at 
the  will  of  the  lessor,  xmder  the  rule  that  a  lease  terminable  at  the 
pleasure  of  the  lessee  is  also  terminable  at  the  will  of  the  lessor. 

Kilkbrew  v..  Mrniay,  151  Southwestern,  662  (Kentucky),  December,  1912. 

ABANDONMENT. 

The  failure  to  begin  mining  operations  within  a  reasonable  time 
under  a  lease  of  phosphate  lands  may  be  construed  as  an  abandon- 
ment of  the  lease,  the  same  as  the  failure  to  begin  operation  under 
an  oil  or  gas  lease;  but  the  failure  of  a  lessee  to  proceed  with  the 
work  of  development  would  operate  as  an  abandonment  of  an  oil  or 
gas  lease  in  a  shorter  time  than  if  such  failure  were  to  result  in  the 
case  of  a  coal  or  phosphate  lease,  because  of  the  greater  danger  of 
loss  by  delay  in  the  former  by  reason  of  the  migratory  character  of 
oQ  and  gas. 

KiUebrew  v.  Murray,  151  Southwestern,  662  (Kentucky),  December,  1912. 

CANCELLATION   OF  LEASE. 

A  l^ase  of  certain  land  for  the  sole  purpose  of  mining  and  excavat- 
ing for  phosphate  and  phosphat&*bearing  rock  for  a  term  of  10  years 
and  so  long  thereafter  as  such  phosphate  or  phosphat&*bearing  rock 
may  be  found  in  quantities  considered  by  the  lessee  as  profitable, 
and  providing  for  a  certain  stipulated  royalty  per  ton  and  the  payment 
of  an  annual  nominal  sum  whether  the  lands  are  mined  or  not,  and 
providing  that  the  lessee  might  determine  when  and  how  much  of 
such  land  shall  be  mined  during  each  year,  evidences  an  intention 
on  the  part  of  a  lessor  to  obtain  an  income  or  profit  in  royalties  from 
the  lessee's  mining  operation,  and  especially  where  it  appeared  that 
the  lessee  represented  that  the  mining  of  the  phosphate  on  such  land 
would  pay  in  royalties  as  much  as  $500  per  acre,  and  where  it  also 
appeared  that  the  lessee  represented  that  he  would  begin  the  work 
of  mining  within  a  year  or  18  months.  It  is  not  to  be  presumed  in 
such  case  that  the  lessor  would  have  encimibered  his  land  with  such 
a  lease  for  the  annual  payment  of  a  nominal  amount^  but  it  may  be 
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presumed  that  the  real  consideration  or  inducement  for  the  granting 
of  the  lease  was  the  mining  of  the  phosphate  which  would  be  com- 
menced within  a  reasonable  time.  The  leas^  is  therefore  lacking  in 
mutuality  and  is  only  a  unilateral  executory  contract,  unenforceable 
by  either  party,  and  on  failure  of  the  lessee  to  begin  mining  opera- 
tions within  a  reasonable  time  the  lessor  may  compel  a  cancellation  of 
the  lease. 

Killebrew  v.  Miurray,  151  Southwestern,  662  (Kentucky),  December,  1912. 

MINING  PROPERTIES. 

A.  Taxation. 

B.  Inspection.  • 

C.  Tbespass. 


A.  TAXATION. 

taxation  of  minesals. 

The  constitution  and  statutes  contemplate  that  taxes  shall  be  levied 
on  all  lands  in  proportion  to  the  true  value,  and  this  end  can  not  be 
attained  by  permitting  mineral  lands  to  escape  the  burden  of  all 
values  except  agricultural  ones. 

Board,  etc.,  of  Greene  County  v,  Lattas  Creek  Coal  Co.,  100  Northeastern,  561 
(Indiana),  January,  1913. 

TAXATION  OF  COAL  IN  PLACE. 

Where  there  has  been  no  severance  of  title  the  owner  of  the  fee 
holds  the  land  taxable  for  its  entire  value,  including  that  of  the  imder- 
lying  minerals;  but  where  there  has  been  a  severance  the  owner  of 
the  fee  or  the  surface  is  properly  assessable  with  the  value  of  the 
surface,  and  the  owner  of  the  mineral  with  its  value,  and  on  this 
theory  coal  in  place  is  subject  to  taxation  where  there  has  been  a 
severance  from  the  surface  ownership. 

Board,  etc.,  of  Greene  County  v.  Lattas  Creek  Coal  Co.,  100  Northeastern,  561 
{Indiana),  January,  1913. 

TAXATION — RELEASE   BY  STATE. 

The  constitutional  provision  by  which  the  State  of  Texas  released 
to  the  owner  or  owners  of  the  soil  all  mines  and  minerals  thereon 
subject  to  taxation  was  curative  in  its  nature  and  retrospective  in 
its  effect,  and  was  intended  as  an  extinguishment  of  the  rights  of  the 
State  in  only  those  mines  and  minerals  in  soil  owned  at  the  time  of 
its  adoption,  and  accordingly  the  title  of  the  State  to  all  other  mines 
and  minerals  in  lands  of  the  public  domain  remained  unimpaired 
and  unaffected.    And  the  State  could  provide  by  statute  that  any 
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sale  or  dbposition  of  mineral  lands  should  be  understood  to  be  with 
the  reservation  of  the  minerals  thereon,  and  to  be  subject  to  location 
as  provided. 

Cox  V.  Robinaon,  150  Southwestern,  1149  (Texas),  November,  1912. 

AfiBESSMSNT  OF  MINEBAL8 — METHODS   OF   VALUATION. 

The  difficulty  in  obtaining  a  correct  valuation  of  coal  in  place  does 
not  of  itself  render  such  coal  nontaxable,  and  under  the  statutes  of 
Indiana  the  assessor  in  obtaining  the  value  of  coal  in  place  has  a 
rig^t  to  examine  the  owner  or  the  officers  of  a  corporation  in  order 
to  elicit  from  them  the  result  of  any  exploration  or  developments  for 
coal  or  mineral  and  to  ascertain  the  purchase  price  of  such  coal  and 
to  consider  any  development  in  the  immediate  neighborhood  as  well 
as  sales  of  mineral  rights  or  other  facts  constituting  elements  of 
value. 

Board,  etc.,  of  Greene  County  v.  Lattas  Greek  Coil  Co.,  100  Northeastern,  561 
(Indiana),  January,  1913. 

TAXATION   OF  MINEBALS. 

It  is  the  duty  of  taxing  officers  to  assess  the  entire  real  estate  hold- 
mgs  of  the  owner  not  severed  or  detached  by  his  own  act  as  a  single 
body,  and  they  have  no  authority  to  assess  them  severally  for  the 
purpose  of  taxation;  and  this  rule  applies  where  a  tract  of  land  has 
been  assessed  as  a  whole  and  part  of  the  surface  or  minerals  has  been 
sold. 

McConnick  v.  Berkley,  86  Atlantic,  97  (Pennsylvania),  January,  1913. 

SEVERANCE  OF  SURFACE  AND  MINERALS. 

Where  a  landowner  sold  an  entire  tract  of  land,  including  the  min- 
eral therein,  and  reserved  a  part  of  the  surface  only,  the  part  so 
reserved  was  severed  from  the  residue  of  the  tract,  but  the  whole  of 
the  residue,  surface  as  well  as  mineral,  continued  to  be  a  single  body 
of  real  estate,  the  title  to  which  was  vested  by  the  single  conveyance 
in  a  subsequent  owner,  and  it  was  the  duty  of  the  taxing  officers  to 
assess  the  surface  and  the  minerals  together  as  an  entire  body  of  real 
estate  belonging  to  the  owner,  and  the  minerals  should  not  be  sepa- 
rated from  the  surface  and  assessed  separately. 

McCormick  v.  Berkley,  86  Atlantic,  97  (Pennsylvania),  January,  1913. 

PATENTED  CLAIMS. 

The  constitution  of  Nevada  provides  for  a  uniform  rate  of  assess- 
meat  and  taxation  of  all  property,  except  mines  and  mining  claims,, 
and  provides  also  that  the  proceeds  of  these,  when  not  patented^ 
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shall  be  assessed  and  taxed,  and  when  patented  each  patented  mine 
shall  be  assessed  at  not  less  than  $600,  except  when  SlOO  in  labor  has 
been  actually  performed  on  any  such  patented  mine  during  the  year 
in  addition  to  the  tax  on  the  net  proceeds.  This  is  construed  to  mean 
that  patented  mines  shall  be  assessed  at  not  less  than  S500  if  SlOO  in 
labor  has  not  been  actually  performed  upon  such  patented  mine  during 
the  year,  but  if  such  labor  is  so  performed  upon  a  patented  mine  it 
becomes  exempt  from  assessment  and  taxation,  except  on  the  net  pro- 
ceeds, the  same  as  an  unpatented  claim.  The  evident  purposiB  of  the 
legislature  was  to  stimulate  the  prospecting  and  operation  of  pat- 
ented mines  and  not  encourage  the  owners  to  have  such  mines  lie 
dormant  and  unprospected,  and  to  require  them  to  pay  a  tax  if  they 
did  not  perform  annual  labor  worth  $100,  but  to  exempt  them  from 
this  tax  if  they  did  perform  the  labor. 
Goldfield  Consolidated  Co.  v.  State,  127  Pacific,  77  (Nevada),  October,  1912. 

B.  INSFBOTION. 

RIGHT  OF  STOCKHOI^EB. 

A  stockholder  of  a  mining  corporation  has  the  right  to  visit  and 
inspect  the  mines  of  the  corporation,  and  this  right  rests  upon  the 
theory  that  the  persons  in  charge  of  the  corporation  are  merely  the 
agents  of  the  stockholders  who  are  the  real  owners  of  the  property, 
and  for  the  further  reason  that  from  the  nature  of  mining  property 
an  inspection  of  the  books  would  afford  no  information  of  the  nature 
of  the  ore  bodies  exposed  or  the  manner  in  which  the  work  was  car- 
ried on. 

Hobbs  V.  Tom  Reed  Gold  Ifimiig  Co.,  129  Pacific,  781  (CaUfornia),  February,  1913. 

O.  TRESPASS. 
MEASURE  OF  DAM.iOES. 

A  person  who,  in  the  honest  belief  that  he  is  in  the  lawful  exercise 
of  his  rights,  unintentionally  enters  upon  the  property  of  another  and 
removes  ore  or  minerals  is  liable  in  damages  for  the  value  of  such  ore 
or  minerals  in  its  original  place,  and  for  no  more,  but  in  case  of  a 
willful  and  intentional  trespass  the  wrongdoer  is  liable  for  the  full 
value  of  such  ore  or  mineral  taken  at  the  time  of  its  conversion  with- 
out any  deduction  for  the  labor  bestowed  or  expense  incurred  in 
mining  the  same. 

Kahle  v.  Crown  Oil  Co.,  100  Northeaatem,  681  (Indiana),  January,  1913. 
WILLFUL  TRESPASS — MEASURE  OF  DAMAGES. 

In  case  of  a  willful  or  negligent  trespass  in  mining  and  removing  oil 
the  trespasser  is  charged  with  the  value  of  the  oil  taken,  without  any 
deduction  for  the  cost  of  taking  it  out;  but  if  the  trespasser  was  inno- 
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cent  of  the  fact  that  he  was  trespassing,  and  guilty  of  no  negligence 
m  entering  upon  the  ground  and  extracting  the  oil,  then  the  cost  of 
extracting  should  be  allowed  him. 

Ounpbell  v.  Smith,  101  Northeastern,  89  (Indiana),  March,  1913. 

TBESPASS  ON  VEIN  BELOW  SX7BFAGE — BEMEDY. 

In  an  action  by  one  mining  company  against  another  for  damages, 
to  determine  the  ownership  of  a  vein  having  its  apex  within  the 
exterior  boundaries  of  a  claim  of  the  suing  company  and  which 
extends  on  its  dip  outside  of  the  exterior  boundaries  of  such  claim 
and  underneath  the  surface  boundaries  of  the  defendant  company's 
claim,  and  from  which  the  defendant  company  is  working  and 
extracting  large  amoimts  of  ore,  the  refusal  of  the  trial  court  to  grant 
an  injunction  to  prevent  the  defendant  company  from  working  such 
Tein  and  from  removing  the  ore  therefrom  until  the  controversy  is 
settled  wWl  not  be  disturbed  on  appeal  unless  it. clearly  appears  that 
the  trial  court  has  abused  its  discretion. 

Steirmrt  Mining  Co.  v.  Ontario  Mining  Co.,  129  Pacific,  932  (Idaho),  January,  1913. 


DAMAGES  FOR  INJURIES  TO  MINERS. 

ELEMENTS   OF   DAMAGES. 

In  determining  the  damages  to  be  assessed  for  the  death  of  a  miner 
a  jury  may  consider  his  age  at  the  time  of  his  death;  his  habits  or 
industry,  his  ability  to  labor,  his  capacity  to  earn  money,  the  wages 
earned  at  the  time  of  his  death,  the  amount  he  had  been  in  the  habit 
of  contributing  to  his  family,  his  expectancy,  his  possible  illness,  his 
possible  want  of  employment,  the  effect  upon  his  earning  capacity  of 
his  advancing  years,  as  well  as  the  expectation  of  the  lives  of  the 
members  of  his  family. 

Meda  «.  Quincy  Mining  Co.,  140  Northwestern,  460  (Michigan),  March,  1913. 

A  driver  of  coal  cars  injured  by  the  falling  of  loose  coal,  through 

the  negligence  of  the  coal-mine   operator,  had   a  right  of  action 

against  the  operator,  as  soon  as  the  injury  occurred,  for  all  damages 

he  sustained,  and  the  true  measure  for  the  loss  of  earning  power  is  the 

present  value  of  such  damages  during  the  expectancy  of  his  life  had 

the  injury  not  occurred,  and  the  fact  that  he  was  rendered  a  helpless 

and  hopeless  paralytic,  with  a  total  loss  of  earning  power  for  the  full 

period  of  his  expectancy,  was  one  element  of  his  damages,  and  his 

bodily  pain  and  mental  anguish  on  account  of  his  condition,  which  he 

must  endure  as  long  as  he  lives,  are  other  and  proper  elements  of 

damages. 

Phdrie  Creek  Coal  Mining  Co.  v,  Kittrell,  153  Southwestern,  59  (Arkansas),  Decem- 
ber, 1912. 
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PERMANENT   INJURIES — LIFE   TABLES   AS   EVIDENCB. 

In  an  action  \^  a  miner  for  damages  for  permanent  injuries, 
standard  life  tables  showing  the  ordinary  expectancy  of  life  are 
admissible  in  evidence  on  the  question  of  damages,  the  same  as  in 
actions  for  death,  as  in  either  case  the  question  is  one  of  the  destroyed 
capacity  to  earn  money,  and  whether  this  is  a  part  or  a  total  destruc- 
tion is  not  material. 

Proctor  Coal  Co.  v.  Beaver,  152  Southwestern,  965  (Kentucky),  January,  1913. 

EXCESSIVE   DAMAGES. 

In  an  action  for  the  wrongful  death  of  a  miner  35  years  of  age  and 
capable  of  earning  $65  per  month  a  judgment  for  SI  8,000  was  re- 
garded as  excessive,  and  no  recovery  in  excess  of  S14,000  should  be 
permitted. 

Delaski  v.  Northwestern  Improvement  Co.,  127  Pacific,  421  (Washington),  Septem- 
ber, 1912. 

A  verdict  for  $5,040  for  the  death  of  a  miner  was  regarded  as  ex- 
cessive where,  based  upon  the  evidence  of  his  past  contributions  to 
his  family,  the  miner  if  he  had  lived  and  had  kept  up  such  contribu- 
tions during  his  entire  expectancy  would  have  contributed  less  than 
SI, 300. 

Meola  V.  Quincy  Mining  Co.,  140  Northwestern,  460  (Michigan),  March,  1913. 

DAMAGES   NOT  EXCESSIVE. 

A  verdict  for  $500  for  damages  for  injuries  to  a  miner  who  was 
mashed  and  bruised  by  a  fall  of  slate  and  was  laid  up  for  several 
weeks  and  was  compelled  for  a  time  to  go  on  crutches  and  suffered 
from  an  abscess  on  his  back  can  not  be  regarded  as  excessive. 

Ada  Coal  Co.  v,  Linville,  153  Southwestern,  21  (Kentucky),  February,  1913. 

A  judgment  for  S2,500  was  not  excessive  for  an  injury  to  a  miner 
where  it  appeared  that  his  leg  was  broken  and  his  ankle  dislocated, 
and  that  after  the  fracture  healed  it  left  him  with  a  permanently 
crooked  and  deformed  leg. 

Stony  Fork  Coal  Co.  v.  Lingar,  153  Southwestern,  6  (Kentucky),  February,  1913. 

A  court  can  not  say  as  a  matter  of  law  that  a  verdict  of  S18,000  is 
excessive  where  a  miner  29  years  old,  strong  and  well  and  capable 
of  earning  on  an  average  of  $4  a  day,  is  crippled  for  life  and  can  earn 
practically  nothing,  is  partly  paralyzed,  and  suiBFers  constant  pain. 

Gennaux  v.  Northwestern  Improvement  Co.,  130  Pacific,  495  (Washington), 
February,  1913. 


PUBLICATIONS  ON  MINE  ACCIDENTS  AND  METHODS  OF 

MINING. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C: 

BixLETiN  10.  The  use  of  permi^jsible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.     a4  pp.,  5  pis.,  4  figs. 

Blixetin  15.  InvestigationB  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
V.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
burgh, by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp., 
7  pis.,  5  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hiill.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Survey  Bulletin 
423. 

Blxletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by  J.  C.  W. 
Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.,  23  figs.  Reprint 
c'f  United  States  Geological  Survey  Bulletin  425. 

Bulletin  44.  First  national  mine-safety  demonstration,  Pittsbuigh,  Pa.,  October 
30  and  31, 1911,  by  H.  M.  Wilson  and  A.  H.  Fay,  with  a  chapter  on  the  explosion  at 
the  experimental  mine,  by  G.  S.  Rice.    1912.    75  pp.,  7  pis.,  4  figs. 

Bulletin  45.  Sand  available  for  filling  mine  workings  in  the  Northern  Anthracite 
Coal  Basin  of  Pennsylvania,  by  N.  H.  Darton.    1913.    33  pp.,  8  pis.,  5  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H.  Clark. 
1912.    44  pp.,  6  pis.,  14  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  operar 
lions,  by  Clarence  Hall  and  S.  P.  Howell.     1913.    50  pp.,  3  pis.,  7  figs. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling  and 
C.  G.  Storm.    1913.    80  pp.,  5  pis.,  5  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric  lamps, 
by  H.  H.  Clark  and  L.  C.  Hsley.     1913.    31  pp.,  6  pis.,  2  figs. 

Bulletin  56.  First  series  of  coal-dust  tests  in  the  experimental  mine  near  Bruceton, 
Pa.,  by  G.  S.  Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.  1913.  115  pp.,  5  pis., 
28  figs.    . 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence  Hall 
and  S.  P.  Howell.     1913.    79  pp.,  10  pis.,  5  figs. 

Bulletin  62.  National  mine-rescue  and  first-aid  conference,  Pittsburgh,  Pa.,  Sep^ 
tcmber  23-26,  1912,  by  H.  M.  Wilson.     1913.     74  pp. 

Blxlettn  65.  Oil  and  gas  wells  through  workable  coal  beds;  papers  and  discussions, 
by  G.  S.  Rice,  O.  P.  Hood,  and  others.    1913.    101  pp.,  1  pi.,  11  figs. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  an4 
pressure,  by  W.  0.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigation  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.     15  pp. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Burrel 
and  F.  M.  Seibert.     1912.    16  pp.,  1  fig. 
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Technical  Papbr  14.  Apparatus  for  gas  analysis  at  coal  mines,  by  G.  A.  Burrell 
and  F.  M.  Seibert.     1913.    24  pp.,  7  figs. 

Technical  Papeb  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  0.  Snelling  and  Clarence  Hall.    1912.    20  pp.,  11  figs. 

Technical  Papeb  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by  H. 
H.Clark.    1912.    14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recommenda- 
tions, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint 
of  United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  22.  Electrical  symbols  for  mine  maps,  by  H.  H.  Clark.  1912. 
11  pp.,  8  figs. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S.  Rice.    1912.    51 

PP-»  1  fig- 
Technical  Paper  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps,  by 

H.  H.  Clark.    1912.    6  pp. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by  J.  W. 
Paul.     1912.    16  pp. 
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8  pp. 
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NATIONAL  MINE-RESCUE  AND  FIRST-AID  CONFERENCE,  PITTS- 
BURGH, PA.,  SEPTEMBER  23-23, 1912. 


By  H?!Rbt:rt  M.  Wilson. 


INTRODUCTION. 

The  act  (36  Stat.,  369)  that  established  the  Bureau  of  Mines  in  the 
Department  of  the  Interior  defined  as  part  of  the  bureau's  province 
and  duty  the  making  of  "  diligent  investigation  of  the  methods  of 
mining,  especially  in  relation  to  safety  of  miners  and  the  appliances 
best  adapted  to  prevent  accidents,"  and  it  authorized  the  bureau  from 
time  to  time  to  make  such  public  reports  of  its  work  and  investiga- 
tions as  the  Secretary  of  the  Department  of  the  Interior  may  direct, 
with  the  recommendations  of  the  bureau. 

The  national  mine-rescue  and  first-aid  conference  was  projected  in 
the  hope  that  it  would  be  a  factor  in  increasing  safety  in  the  mining 
industry  through  the  recommendation  of  better  and  safer  methods  of 
conducting  mine-rescue  operations,  more  eflScient  methods  of  extend- 
ing and  giving  training  in  the  use  of  artificial-breathing  apparatus, 
and  approved  and  more  effective  methods  of  administering  first  aid  to 
injured  miners  and  of  training  miners  in  first-aid  work. 

The  bureau  feels  warranted  in  publishing  the  resolutions  adopted 
by  the  conference  as  a  guide  to  mine  workers  and  others  concerned  in 
obtaining  greater  safety  in  mining,  and  in  presenting  such  extracts 
from  the  discussion  as  indicate  the  reason  for  the  adoption  of  any 
particular  method.  In  issuing  this  bulletin,  however,  the  bureau 
does  not  indorse  these  resolutions  in  whole  or  in  part  as  a  final  ex- 
pression of  its  views  regarding  the  best  method  or  procedure  in  any 
case.  It  does  believe,  however,  that  the  resolutions  furnish  an  excel- 
lent starting  point  from  which  to  develop  a  standard  code  of  pro- 
cedure in  mine-rescue  and  first-aid  work. 

It  will  be  noted  that  in  some  important  cases  further  information 
is  necessary  before  any  standard  procedure  can  be  reconmiended,  par- 
ticularly as  regards  types  of  bandages,  methods  of  resuscitation,  the 
use  of  stimulants,  the  cumulative  effect  of  poisonous  gases,  the  diet  of 
men  engaged  in  rescue  work,  the  physiologic  effect  of  the  pressure 
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of  breathing  apparatus  on  the  head,  the  amount  of  oxygen  required 
in  training,  and  the  effect  of  concentrated  oxygen,  high  temperature, 
etc.  Regarding  these  subjects  the  bureau,  in  cooperation  with  a  sub- 
committee appointed  by  the  conference,  will  make  tests  and  obtain 
further  information  with  a  view  to  perfecting  apparatus  and  methods. 

It  is  contemplated  that  additional  conferences  of  a  similar  nature 
may  be  held,  probably  coincident  with  the  formation  of  a  naticmal  or- 
ganization or  society,  in  which  event  the  Bureau  of  Mines  may  issue 
from  time  to  time  technical  papers  or  miners'  circulars  giving  such, 
of  the  results  as  the  bureau  may  wish  to  recommend  for  adoption. 

At  the  conference  here  reported  there  were  present  11  surgeons,  23 
mine  operators,  2  State  inspectors,  14  company  inspectors  or  repre- 
sentatives of  safety  departments,  and  14  employees  of  the  Bureau  of 
Mines  interested  in  that  branch  of  its  work  having  to  do  with  increas- 
ing safety  in  the  mining  industry.  The  eameistness  and  interest  of 
those  assembled  evidenced  that  they  felt  that  there  was  much  to  be 
done  to  place  organized  mine-safety  efforts  on  a  more  uniform  basis. 
These  men  devoted  themselves  diligently  to  three  days  of  serious 
consideration  of  the  problems  before  them. 

In  this  report  endeavor  has  been  made  to  eliminate  all  unnecessary 
remarks ;  but  in  order  that  those  who  hold  diverging  views  regarding 
the  subjects  discussed  may  have  before  them  the  arguments  that  led 
the  conferees  to  vote  for  the  36  resolutions  adopted,  the  discussion 
had  in  the  committees  and  in  open  session  is  published  practically 
in  full.  Moreover,  for  the  information  of  those  mining  oflScials, 
operators,  and  surgeons  who  are  unfamiliar  with  approved  methods 
of  first-aid  training  and  training  with  breathing  apparatus  and 
safety  devices  and  methods  of  rescue,  it  seems  equally  desirable  that 
the  few  opening  addresses  and  closing  remarks  made  in  general 
session  should  be  published  as  an  expression  of  the  reasons  for  such 
work  and  for  the  conference. 

An  outcome  of  the  deliberations  of  the  conference  was  the  appoint- 
ment of  a  committee  charged  with  organizing  a  permanent  associa- 
tion for  the  development  of  safety  in  mines.  It  is  believed  that  meet- 
ings similar  to  the  conference  will  be  held  by  that  association. 

EVENTS  IiEADINO  TO  THE  CONFERENCE. 

The  national  mine-rescue  and  first-aid  conference  here  reported 
was  held  in  Pittsburgh,  Pa.,  September  23-26,  1912,  as  a  logical 
sequence  to  the  first  national  mine-safety  demonstration  held  in  the 
same  city  the  previous  year. 

In  the  year  that  had  elapsed  the  spread  of  instruction  and  training 
in  first-aid  treatment  of  injured  miners  and  in  the  use  of  artificial 
breathing  apparatus  and  other  appliances  for  mine  rescue  and  fire- 
fighting  work  had  penetrated  to  every  coal  field  and  to  a  number  of 
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the  metal-mining  fields  in  the  United  States.  Numerous  public 
demonstarations  and  first-aid  contests  had  been  held  in  the  territory 
extending  from  the  coal  fields  of  eastern  Pennsylvania  to  those  of 
Washington  and  from  Alabama  to  Minnesota.  Many  mining  com- 
panies had  established  safety  departments,  the  officers  in  charge  hav- 
ing as  their  chief  duty  the  organization  of  mine-rescue  and  first-aid 
training  and  the  introduction  of  better  safety  measures  in  mining. 

There  had  developed  as  a  natural  consequence  a  desire  for  a  general 
conference  for  the  coordination  and  standardization  of  this  work. 
Mine  surgeons  and  others  engaged  in  first-aid  instruction  taught 
different  and  in  some  cases  conflicting  methods  of  treating  certain 
injaries.  Varying  standards  as  to  the  kind  and  amount  of  training 
neoessaiy  with  artificial  breathing  apparatus  were  adopted  by  the 
various  advocates.  Various  rules  for  the  holding  of  first-aid  contests 
and  differing  methods  of  rating  and  judging  in  these  had  rendered 
it  difficult  to  compare  the  relative  merits  of  the  same  kind  of  work 
in  different  coal  fields. 

The  Director  of  the  Bureau  of  Mines,  at  the  suggestion  of  a  num- 
ber of  mine  officials  interested  in  these  matters,  and  with  a  view  to 
standardizing  and  improving  the  character  of  this  work  as  demon- 
strated by  the  bureau,  authorized  the  assembling  of  a  conference,  the 
personnel  of  which  should  include  representatives  of  the  mine- 
operating  and  the  mine-safety  departments  and  mine  surgeons  from 
those  mining  companies  that  maintained  organized  safety  training 
and  instruction. 

nrVITATIOKS  ISSUED. 

• 

On  August  5,  1912,  invitations  for  the  conference  were  sent  to  all 
such  mine  operators  as  were  known  to  maintain  first-aid  and  rescue 
corps  and  as  were  located  within  a  reasonable  distance  of  Pittsburgh. 
In  addition,  invitations  were  sent  to  a  few  of  the  more  distant  opera- 
tors who  had  shown  interest  and  sympathy  in  the  work  by  attendance 
or  representation  at  the  first  national  mine-safety  demonstration  of 
the  previous  year. 

The  25  mining  companies  enumerated  below  responded  to  the  invi- 
tation by  prcmiising  to  be  represented  by  mine  officials  and  surgeons. 
It  will  be  noted  that  the  companies  are  well  distributed  throughout 
the  country. 

Cleveland  Cliffs  Iron  Co.,  Ishp^nlng,  Mich.;  Colorado  Fael  &  Iron  Co., 
Poeblo,  Oolo. ;  Continental  Coal  Corporation,  Wallsend,  Ky. ;  H.  C.  Frlck  Coke 
Co..  Scottdale,  Pa. ;  Halley-Ola  Coal  Co..  HalleyvlUe,  Okla. ;  Keystone  Coal  and 
Coke  Co.,  Qreensburir>  Pa. ;  Knoxyille  Iron  Co.,  Knoxville,  Tenn. ;  Lehigh  Coal 
and  Xarlgatioii  Co..  LanBford,  Pa. ;  Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. ; 
I^ehlffh  and  Wllkee-Barre  Coal  Co.,  Wilkee-Barre,  Pa. ;  Oliver  Iron  Mining  Co., 
Dnlntb,  Mton. ;  Oliver  &  Snyder  Steel  Co.,  Oliver,  Pa. ;  Pardee  Brothers  &  Co., 
Lattimer  Mines*   Pa.;   Penn-Mary  Coal  Co.,  Heilwood,   Pa.;   Philadelphia   & 
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Beading  Goal  and  Iron  Co.,  Pottsyille,  Pa.;  Pittsburgh  Goal  Go.,  Pittsburgh. 
Pa. ;  Republic  Iron  and  Steel  Co.,  Youngstown,  Ohio ;  Superior  Coal  Co.,  Gilles- 
pie, ILL ;  T.  C.  Tipper  &  Co.,  Pittsburgh,  Pa. ;  Tennessee  Coal,  Iron  and  Railroad 
Co.,  Birmingham,  Ala. ;  Vandal ia  Coal  Co.,  Terre  Haute,  Ind. 

EXHIBITS  SOLICITED. 

On  September  3  manufacturers  of  first-aid  materials  and  mine 
rescue  appliances  were  invited  to  exhibit  their  products  at  the  con- 
ference, and  the  near-by  manufacturers  of  explosives  were  asked  to 
exhibit  dummy  cartridges  of  permissible  explosives,  also  detonators, 
etc. 

In  response  to  this  invitation  exhibits  of  the  apparatus  indicated 
were  displayed  during  the  conference  by  the  following  manufac- 
turers : 

Fidelity  International  Ag^icy,  safety  lamps;  Hughes  Bros.,  safety  lamps; 
Eidward  Schenk,  breathing  apparatus;  Draeger  Oxygen  Apparatus  Co.,  breath- 
ing apparatus  and  pulmotor ;  Siebe,  Gorman  &  Co.,  breathing  apparatus ;  West- 
phalia EiUgineerlng  Co.,  breathing  apparatus;  Johnson  &  Johnson,  first-aid 
materials;  American  National  Red  Cross,  first-aid  materials;  Burroughs,  Well- 
come Sc  Co.,  first-aid  materials ;  Western  Electric  Co.,  mine  telephone ;  Portable 
Electric  Safety  Lamp  Co.,  electric  lamps ;  Servus  Rescue  Equipment  Co.,  breath- 
ing apparatus 

DELEGATES  PRESENT. 

The  following  persons  were  present  and  participated  in  the  pro- 
ceedings of  the  conference.  Their  names  are  grouped  alphabetically 
by  occupation  and  employment : 

MINE  OFFICIAIiS. 

G.  W.  Barager,  general  manager,  Pardee  Bros.  &  Co.,  Lattlmer  Mines,  Pa.; 
H.  P.  Dowler,  general  superint^ident,  Penn-Mary  Coal  Co.,  Heilwood,  Pa,; 
Edward  Elliot,  general  manager,  Hailey-Ola  Coal  Co.,  McAlester,  Okla. ; 
Thomas  G.  Evans,  stable  boss,  Lehigh  Valley  Coal  Co.,  West  Plttston,  Pa. ;  J.  R. 
Fleming,  mining  engineer,  Penn  Central  Power  Co.,  Altoona,  Pa.;  A.  Gluding. 
engineer,  Lehigh  Valley  Coal  Co.,  Mahanoy  City,  Pa.;  G.  W.  Hutchinson,  chief 
engineer.  Keystone  Coal  and  Coke  Co.,  Greensburg,  Pa. ;  J.  B.  Jones,  superin- 
tendent, Martin  Coke  Works,  Republic  Iron  and  Steel  Co.,  Martin,  Pa.;  Wil- 
liam Johnson,  general  manager.  Saline  County  Coal  Co.,  Canton,  III.;  William 
Lewis,  mine  foreman,  Hailey-Ola  Coal  Co.,  Haileyville,  Okla.;  P.  F.  Lynch, 
superintendent,  Cross  Mountain  Mines,  Knoxvllle  Iron  Co.,  Briceville,  Tenn. ; 
J.  M.  McHugh,  Tennessee  Coal,  Iron  and  Railroad  Co.,  Ensley,  Ala.;  M.  C 
McHugh,  Tennessee  Coal,  Iron  and  Railroad  Co.,  Birmingham,  Ala.;  B.  J. 
Matteson,  assistant  manager,  Colorado  Fuel  and  Iron  Co.,  Pueblo,  Colo.;  J.  F. 
Meagher,  general  superintendent  of  coal  mines,  Tennessee  Coal,  Iron  and  Rail- 
road Co.,  017  Amery  Street,  Pratt  City,  Ala.;  R.  B.  Moss,  superintendent  of 
mines,  Continental  Coal  Corporation,  Arjay,  Ky. ;  Charles  Mountain,  mine  fore- 
man, Crabtree,  Pa.;  F.  B.  Nold,  general  superlnt^ident  northern  coal  minea, 
Republic  Iron  and  Steel  Co.,  Republic,  Pa. ;  J.  P.  Reese,  general  superint^dent, 
Superior  Coal  Co.,  Gillespie,  111.,  Consolidation  Coal  Co.,  Buxton,  Iowa;  T.  I. 
Stephenson,  president  and  manager  Cross  Mountain  Mines.  Knozville  Iron  Co., 
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Knoxrille,  Tenn.;  J.  D.  Thomas,  gui)erJuteiideiit,  Republic  Iron  and  Steel  Ck).. 
Gang,  Pa. ;  T.  C.  Tipper,  general  manager,  T.  O.  Tipper  &  Co.,  Jaikins  Arcade 
Building,  Pittsburgh,  Pa. ;  H.  P.  Zeller,  superintendent,  Republic  Iron  and  Steel 
<a.  Republic,  Pa. 

MINE  SURGEONS. 

6.  H.  Haiberstadt,  Philadelphia  &  Rending  Coal  and  Iron  Co.,  Pottsville,  Pa. ; 
J.  W.  Kennlhan,  Pittsburgh  Coal  Co.,  Sharpsburg,  Pa. ;  A.  F.  Knoefel,  Yandalia 
Coal  Co.,  Linton,  Ind.;  D.  H.  Lake,  Delaware,  Lackawanna  &  Western  R.  R., 
Scranton,  Pa. ;  R.  F.  McHenry,  Penn-Mary  Coal  Co.,  Hellwood,  Pa. ;  F.  L.  McKee, 
Lehigh  &  Wilkea-Barre  Coal  Co.,  Wllkes-Barre,  Pa.;  J.  W.  Par8hall,'H.  C. 
Frick  Coke  Co.,  Uniontown,  Pa.;  W.  D.  Richards,  KnoxTllle  Iron  Co.,  Brlce- 
ville,  Tenn. ;  W.  S.  Rountree,  Tennessee  Coal,  Iron  and  Railroad  Co.,  Birming- 
ham. Ala.;  M.  J.  Shields,  American  National  Red  Cross,  Washington,  D.  C. ; 
J.  H.  Toung,  Lehigh  Coal  and  Navigation  Co.,  Lansford,  Pa. 

XINE-SAFETY  OFFICIALS. 

C.  Lu  Albright,  manager  relief  department,  H.  C.  Frlck  Coke  Co.,  Scottdale, 
Pa. ;  Atberton  Bowen,  assistant  Inspector  of  equipment,  Lehigh  Valley  Coal  Co., 
W'Ukes-Barre,  Pa.;  Clyde  G.  Brehm,  first-aid  Instructor,  Oliver  &  Snyder  Steel 
Co^  Oliver,  Fayette  County,  Pa.;  William  Conlbear,  safety  inspector,  Cleve- 
land-Cliffs Iron  Co.,  Ishpemlng,  Mich. ;  George  H.  Hawes,  ndne-rescue  engineer, 
Ollrer  Iron  Mining  Co.,  Duluth,  Minn.;  Eldward  W.  Judd,  adjuster  of  claims, 
relief  department,  Pittsburgh  Coal  Co.,  Pittsburgh,  Pa.;  Austin  King,  chief 
in^iector  of  mines,  H.  C.  Frlck  Coke  Co.,  Scottdale,  Pa.;  Wllllftm  Nlsbet,  In- 
ipector,  K^stone  Coal  and  Coke  Co.,  Greensburg,  Pa. ;  J.  E.  McDonald,  super- 
intendent relief  department,  Pittsburgh  Coal  Co.,  Oliver  Building,  Pittsburgh, 
Pa.;  Henry  R.  Owens,  engineer  In  charge  of  rescue  station,  Lehigh  and  Wllkes- 
Barre  Coal  Co.,  76  Churst  Street,  Wllkes-Barre,  Pa.;  John  L.  Simons,  fire  In- 
spector and  first-aid  Instructor,  I.ehigh  Coal  and  Navigation  Co.,  Lansford,  Pa. 

STATE  INSPECTOBS. 
J.  F.  Bell,  Dravosburg,  Pa. ;  F.  W.  Cunningham,  Charlerol,  Pa. 

MISCELLANEOUS. 

H.  X.  Elmer,  general  agent  for  Mexico  and  North  America,  Slebe,  Gorman 
k  Co.  (Ltd.),  1140  Monadnock  Building,  Chicago,  111.;  T.  B.  Dllts,  Y.  M.  C.  A., 
Greensbarg,  Pa.;  W.  D.  Roberts,  mining  Instructor,  public  schools,  Pitts- 
burgh, Pa. 

EMPLOYEES  OF  THE  BUREAU  OF  MINES. 

G.  H.  IMke,  assistant  mining  engineer;  Charles  Enzlan,  coal-mlnlng  engineer; 
iesse  Henson,  foreman  miner;  J.  W.  Paul,  mining  engineer;  D.  J.  Price,  fore- 
man miner ;  G.  S.  Rice,  chief  mining  engineer ;  C.  O.  Roberts,  first-aid  miner ; 
J.  C.  Roberts,  mining  engineer;  J.  J.  Rutledge,  mining  engineer;  J.  T.  Ryan, 
assistant  mining  engineer;  H.  I.  Smith,  assistant  mining  engineer;  C.  S. 
Ste^-enson,  foreman  miner;  E.  B.  Sutton,  foreman  miner;  H.  M.  Wilson,  en- 
giaoer  in  charge  of  Pittsburgh  experiment  station. 

DETAILED  PROGRAM, 

In  pursuance  of  instructions  by  the  director  of  the  bureau,  the 
author,  as  engineer  in  charge  of  the  Pittsburgh  expeiiment  station, 


10  NATIONAL  MINE-RESCUE  AND  FIBST-AID  CONFERENCE. 

in  conference  with  J.  W.  Paul,  engineer  in  charge  of  the  mine-rescue 
and  first-aid  work  of  the  bureau,  and  with  the  assistance  of  various 
mine  surgeons  and  operators,  and  of  employees  of  the  bureau,  arranged 
a  program.  Among  those  whose  suggestions  were  most  helpful  were 
Drs.  W.  S.  Rountree,  A.  F.  Knoefel,  M.  W.  Glasgow,  R.  F.  McHenry, 
and  J.  W.  Kennihan;  mine  operators  T.  I.  Stephenson  and  B.  J. 
Matteson ;  and  Bureau  of  Mines  foreman  miners  W.  A.  Raudenbush 
and  C.  O.  Roberts. 
The  program  outlined  was  as  follows : 

BTTBIirESS  PKOOEDTTKE. 
MONDAY    MOBNIRG,   8EPTEMBEB   28. 

9M. — Opening  address  of  welcome  by  Director  Joseph  A.  Holmes. 

Organization  of  conference. — ^H.  M.  Wilson,  engineer  in  charge,  Pittsburgh 
experiment  station,  Bureau  of  Mines,  temporary  chairman;  O.  S.  Htevenson, 
Pittsburg,  Kans.,  temporary  secretary. 

i<>.(W.— Address  by  J.  W.  Paul:  "Mine  Rescue  and  First-AId  Work  In  the 
Bureau  of  Mines." 

Informal  addresses  on  mine-rescue  and  first-aid  work  in  the  various  coal- 
mining regions. 

11. SO, — Appointment  of  committees;  committees  to  bcf  called  together  by  their 
chairmen  at  1.90  p.  m.  to-day. 

12M, — ^Adjournment  until  0.00  a.  m.  to-morrow,  when  committee  reports  ^will 
be  rec^ved. 

TOPI08  70K  BI80V88Z0N. 

A.  FIBST-AID  14ETHOD8. 

1.  Resuscitation  from  gas,  electricity,  and  shock;  methods  of  artificial  respi- 
ration. 

2.  Treatment  of  dislocated  shoulder  and  hip. 

3.  Splinting  a  broken  back. 

4.  Applying  splints  to  the  limbs;  should  a  long  splint  be  used  In  all  cases? 

5.  Should  a  first-aid  man  try  to  reduce  a  dislocation? 

6.  Should  the  triangular  bandage  be  used  in  preference  to  the  roller  bandage? 

7.  Should  a  first-aid  man  attempt  to  wash  a  wound? 

8.  In  case  of  a  severe  hemorrhage,  the  hemorrhage  being  controlled  with  n 
tourniquet,  and  no  sterile  dressing  to  be  had,  what  is  the  proper  thing  to  do? 

9.  Methods  for  transporting  the  injured;  which  is  proper  in  various  injuries? 

10.  Methods  of  rescuing  patients  from  electric  contact,  and  the  most  Importani 
thing  to  do  first. 

11.  Method  of  conveying  patient  from  place  of  injury  to  top  of  mine. 

12.  Development  and  acceptance  of  new  methods  and  dressings. 

B.  FIBST-AID   TBAINING. 

1.  What  are  the  duties  of  a  first-aid  miner? 

2.  Instruction;  its  kind  and  amount. 

3.  Training  and  practice;  kind  and  amount. 

4.  Systems  of  training:  Red  Cross,  Navy,  or  new  combination;  value  of  a 
standard  system  for  miners. 
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5.  Mettioda  of  organizing  flrat-ald  corps. 
6L  Number  of  trained  men  per  100  miners. 

C.  FIBST-Ain  CONTESTS  AND  EXHIBITIONS. 

L  Bdative  merits  of  contests  and  exhibitions;  Intracompany,  Intercompary, 
SUte*  and  int««tate. 

2.  Standardization  of  methods  of  judging,  number  of  judges,  method  of  mark- 
ing etc. 

a.  Pn^wr  rating  for  speed. 

D.    MINE    HOSPITALS. 

1.  BooDomlc  ralue  to  company  and  men  of  first-aid  training  and  of  mine 
hBspltal& 

2.  Nomber,  Idnd,  and  management  of  mine  hospitals. 

3.  Underground  flrst-aid  stations  and  equipment. 

E.   BBEATHINO   APPAKATV8,    SAFETY   LAMPS,    AND    SAFETY   APPLIANCE«. 

1.  Methods  of  testiiig  breathing  apparatus. 

2.  Spare  parts  and  repairs. 

3.  Safety  and  electric  lamps. 

4.  Emergency  equipment  at  rescue  stations, 
a  Use  of  birds  and  mice. 

F.  TKATNING  WITH  BREATHINQ  AFPABATUS. 

L  Physical  examination  and  requirements  of  persons  given  training. 

2.  Physiologlc&i  effect  of  pressure  on  the  head  due  to  wearing  helmet;  phys- 
iological effect  of  pressure  of  nose  clip. 

3.  Outline  of  course  of  instruction  and  training  necessary  to  qualify  for 
reseoe  work. 

4.  Diet  of  men  doing  rescue  work. 

ft.  Organization  of  rescue  crews;  how  best  to  obtain  volunteers  for  the  work, 
compensation  of  volunteers,  etc. 

6.  Amount  of  oxygen  required  in  training. 

7.  Merits  of  smoke  room  and  of  outdoor  and  underground  training. 

G.   CONDUCT  OF   HESCUE  OPBBATIONS. 

1.  Use  of  untrained  men  in  rescue  work. 

2.  Outline  of  procedure  before  and  after  entering  a  mine  following  explosions 
or  mine  fires. 

3w  Maximum  distance  rescue  crews  should  proceed  beyond  fresh  air. 

4.  Rest  necessary  for  rescue  men  and  limit  of  hours  of  work. 

5.  Cumulative  effect  of  imbibing  poisonous  gases, 
tt.  Use  of  stimulants. 

CONFERENCE  COMMITTEES. 

At  the  opening  session  of  the  conference  the  chairman  was  author- 
ized to  appoint  seven  committees  to  consider  the  phases  of  the  sub- 
ject of  the  conference  as  outlined  in  the  program.  He  was  also  au- 
thorized to  appoint  an  eighth  committee  on  permanent  organization. 
The  resolution  directed  that  as  secretary  of  each  committee  the  chair- 
man should  designate  an  employee  of  the  Bureau  of  Mines  versed  in 
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the  subject  matter  to  be  considered  by  the  committee,  and  that  each 
committee  should  elect  its  own  chairman. 

The  personnel  of  these  committees,  as  finally  organized,  was  as 
follows  : 

Committee  1 — Mine-rescue  apparatus  and  mine-rescue  training. —J.  W.  P«ul, 
chairman;  D.  J.  Price,  secretary;  William  CJonibear,  H.  P.  Dowler,  Edward 
Elliott,  D.  K.  Glover,  William  Kesbit,  G.  H.  Hawes,  Morgan  Price,  Austin  Kin^. 

Committee  2 — Rescue  operations. — J.  P.  Reese,  chairman;  George  H.  Pelke, 
secretary;  B.  J.  Matteson,  J.  B.  Meagher,  H.  P.  Zeller,  P.  F.  Lynch,  F.  W^. 
Cunningham,  William  Raudenbush,  William  Johnson,  W.  J.  German. 

Committee  3 — Safety  lamps  atid  electric  lamps. — ^Austin  King,  chairman ; 
J.  T.  Ryan,  secretary;  H.  H.  Clark,  J.  P.  Bell,  N.  M.  Lewis,  J.  M.  McHusb, 
E.  N.  Judd,  H.  I.  Smith. 

Committee  }§ — First-aid  methods, — W.  S.  Rountree,  chairman;  E.  B.  Sutton, 
secretary;  Dr.  W.  G.  Richards,  Dr.  A.  F.  Knoefel,  Dr.  J.  W.  Parshall,  I>r. 
M.  J.  Shields,  Dr.  J.  H.  Young,  Dr.  J.  W.  Kennlhan,  Ralph  McHenry,  William 
Raudenbush,  W.  D.  Roberts,  Atherton  Bowen,  J.  K  McDonald,  Dr.  G.  H. 
Halberstadt,  Dr.  F.  L.  McKee. 

Committee  5 — First-aid  training. — Dr.  A.  F.  Knoefel,  chairman;  J.  J.  Rut- 
ledge,  secretary;  C.  G.  Bragh,  Dr.  M.  J.  Shields,  Dr.  J.  W.  Kennlhan,  Dr.  F.  T^. 
McKee,  Dr.  J.  II.  Young,  Dr.  G.  H.  Halberstadt,  Jesse  Henson,  E.  W.  Judd,  T.  B. 
Dilta,  Dr.  Ralph  McHenry,  J.  E.  McDonald. 

Committee  6 — First-aid  contests. — H.  R.  Owens,  chairman ;  J.  C.  Roberts,  sec- 
retary; T.  B.  Dilts,  G.  W.  Barager,  E.  W.  Judd,  E.  E.  Bach,  J.  L.  Simons, 
Dr.  M.  J.  Shields,  H.  P.  Dowler,  Dr.  W.  S.  Rountree. 

CommHtee  7 — Hospitals  and  safety  stations. — ^Dr.  M.  J.  Shields,  chairman ; 
C.  O.  Roberts,  secretary;  T.  I.  Stephenson,  Dr.  J.  W.  Parshall,  G.  H.  Hawes, 
R.  B.  Moss,  John  Meagher,  Dr.  W.  8.  Rountree,  Dr.  Ralph  McHenry,  G.  W''. 
Hutchinson,  Dr.  G.  H.  Halberstadt 

Committee  8 — Permanent  organization. — H.  M.  Wilson,  chairman ;  H.  A.  Wads- 
worth,  secretary;  J.  P.  Reese,  Dr.  W.  S.  Rountree,  Dr.  A.  F.  Knoefel.  Austin 
King. 

RESOLUTIONS  ADOPTED  BY  THE  CONFERENCE. 

The  chairman  of  the  conference  was  directed  to  refer  the  various 
resolutions  recommended  for  adoption  by  the  several  committees  to 
a  committee  on  resolutions.  The  committee  appointed  comprised  tlie 
following:  Dr.  F.  L.  McKee,  chairman;  J.  W.  Paul,  secretary;  B.  J. 
Matteson,  Dr.  W.  S.  Bountree. 

0 

The  resolutions,  embodying  minor  amendments  made  as  a  result  of 
general  discussion,  were  reported  to  the  conference  on  the  morniii^r 
of  September  25,  and  were  adopted.  The  phraseology  of  the  resolu- 
tions as  here  printed  has  been  slightly  changed  so  that  they  appear 
as  direct  conclusions,  as  follows: 

RESCITE  APPARATUS  AND  RESCUE  TRAINING. 

1.  Breathing  apparatus  used  for  mine-rescue  and  mine-recovery  work  should 
be  of  Rucli  types  ns  have  passed  the  tests  of  the  Bureau  of  Mines. 
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2.  The  eonrse  in  rescue  tmiaing  as  outlined  by  the  Bureau  of  Mines  schedule 
for  educational  purposes  and  for  familiarizing  miners  in  the  use  of  the  breath- 
ing apparatus  should  be  followed,  as  should  the  recommendations  of  the  bureau 
pertaining  thereto,  to  the  extent  that  for  actual  mine-rescue  work  supplemental 
and  practical  training  of  two  hours  each  should  be  taken  at  intervals  of  not 
more  than  tbi-ee  months. 

3.  Ail  mine-rescue  stations  should  be  equipped  with  at  least  five  breathing 
apparatus  and  the  necessary  accessories  for  the  continuous  operation  of  the 
apparatus  for  24  hours,  and  at  remote  stations  48  hours.  Such  equipment 
should  be  so  located  as  to  admit  of  its  assembly  in  one  hour  at  a  central  point 
for  emergency  use. 

4.  The  keeping  of  birds  and  mice  at  rescue  stations  for  the  purpose  of  detect- 
ing carbon  monoxide  is  desirable. 

5.  All  persons  before  being  admitted  for  rescue  training  should  present  a 
medical  certificate  quali^ing  them  for  rescue  work  and  stating  that  they  are 
free  from  contagious  diseases. 

6.  The  Bureau  of  Mines  should  be  requested  to  prepare  lists  of  stations, 
t(^ther  with  the  names  and  addresses  of  the  persons  who  have  completed  train- 
ing with  mine-rescue  apparatus,  and  to  list  the  names  on  a  roll  of  honor  to  be 
submitted  for  publication  by  the  press  in  the  various  mining  localities.  Mine- 
rescue  volunteers  should  be  compensated  for  services  and  should  be  considered 
when  promotions  are  being  made. 

7.  The  smoke  room  is  best  adapted  for  the  first  course  of  training.  In  addi- 
tion to  tbe  smoke-room  training  as  prescribed  by  the  Bureau  of  Mines  outline, 
supplementary  practice  to  be  taken  underground  is  desirable. 

The  program  subjects  "Physiological  EiBfect  of  Pressure  on  the 
Head  Due  to  Wearing  Helmet"  and  "Diet  of  Men  Doing  Rescue 
Work  "  having  been  referred  to  the  general  conference,  were  by  it 
referred  to  a  special  committee  of  surgeons  and  rescue  men,  to  be 
appointed  by  the  chairman  and  to  make  report  to  the  next  annual 
meeting. 

RESCX7E  OPERATIONS. 

8.  In  mine-rescue  work  untrained  men  should  not  be  permitted  to  use  breath- 
ing apparatus  except  when  such  course  is  necessary  in  the  saving  of  life  and 
will  not  unduly  jeopardize  the  life  of  the  rescuer.  In  selecting  untrained  men, 
those  should  be  chosen  who  are  readily  amenable  to  discipline. 

9.  A  desirable  outline  of  procedure  before  and  after  entering  a  mine  follow- 
ing explosions  or  mine  fires  is  as  follows : 

OUTSIDE  ORGANIZATION. 

a.  All  openings  should  be  carefully  guarded. 

b.  There  should  be  a  man  in  charge  of  outside  arrangements  who  should  see 
that  ventilating  appliances  are  put  in  readiness  for  operation  when  required. 

r.  Competent  men  who  can  be  relied  upon  to  obey  the  orders  given  them 
should  be  stationed  at  all  mine  openings. 

d,  A  competent  person  should  be  placed  near  the  mine  entrance  to  examine 
all  safety  lamps  before  they  are  allowed  to  be  taken  into  the  mine. 

e.  Some  specified  person  should  be  placed  at  the  mine  entrance  to  record  nil 
I't^nvrnfl  going  into  and  coming  out  of  the  mine. 

/.  Projier  food  and  shelter  should  be  provided  for  parties  engaged  in  rescue 

work. 
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q,  A  physician  should  be  on  hand  while  rescue  parties  are  In  the  mines. 

h.  Around  all  openings  there  should  be  established  safety  lines  Inside  of 
wlilch  no  open  lights  should  be  allowed. 

i.  A  man  should  be  placed  in  charge  of  the  rescue  squads  to  organise  and 
hare  th^n  ready  to  enter  the  mine  whenr  called  upon. 

INSIDE  ORGANIZATION. 

a.  A  man  should  be  placed  in  full  charge  of  the  inside  operations  on  each 
shift. 

&.  An  advance  squad  under  a  competent  leader  should  explore  the  workings 
in  advance  of  the  stretcher  squads  and  the  other  squads  who  are  advancing 
the  ventilation,  malting  repairs,  etc.  The  squads  should  advance  in  the  follow- 
ing order:  (a)  Breathing-apparatus  or  advance  squad;  (&)  stretcher  squads; 
(c)  temporary- ventilation  squad;  id)  material  squad;  (e)  permanent-ventila- 
tion squad. 

c.  An  inside  station  should  be  established  as  a  base  of  operations.  A  com- 
petent person  should  be  placed  in  charge  to  reexamine  all  lights  before  they 
pass  to  the  interior  of  the  mine. 

d.  A  telephone  communicating  with  the  surface  should  be  established  at  the 
inside  station  and  should  be  carried  forward  as  fast  as  possible. 

e.  A  doctor  provided  with  necessary  supplies  should  be  present  at  the  inside 
station. 

/.  No  person  should  go  in  advance  of  the  ventilating  current  except  the 
advance  squad,  which  should  examine  the  atmosphere  for  gas,  and  examine  the 
return  air  current  frequently  for  indications  of  fire;  also  for  any  other  dangers 
which  are  likely  to  exist. 

g.  The  advance  squad,  when  proceeding  into  the  mine,  should  mark  all 
unexplored  openings  with  a  danger  sign. 

k.  Strict  discipline  should  be  maintained  at  all  times. 

10.  The  maximum  distance  rescue  crews  may  safely  proceed  beyond  fresh 
air  should,  owing  to  the  different  conditions  in  different  mines  and  the  hazard- 
ous work  undertaken,  be  left  to  the  decision  of  the  trained  official  in  imme- 
diate charge,  in  conjunction  with  the  mine  officials,  who  should  be  governed  by 
the  probability  of  being  able  to  save  human  life,  using  the  time  limit  on  all 
explorations. 

11.  Except  when  absolutely  necessary,  the  shift  of  rescue  men  should  not  ex- 
ceed two  hours.    This  should  be  followed  by  not  less  than  six  hours'  rest. 

The  program  subjects,  "  Cumulative  Effect  of  Imbibing  Poisonous 
Gases,'-  and  "  Use  of  Stimulants,"  were  referred  by  the  general  con- 
ference to  the  committee  on  first-aid  training  for  future  report. 

SAFETY  LAMPS  AND  ELECTRIC  LAMPS. 

12.  No  Open  li{?ht  should  be  used. 

18.  In  coal  mines  only  such  types  of  safety  lami)s  and  electric  lamps  as  hare 
passed  the  tests  of  the  United  States  Bureau  of  Mines  ^lould  be  used* 

14.  Electric  lamps  unaccompanied  by  stifety  lamps  should  not  be  used  unless 
the  party  is  equipped  with  breathing  apparatus. 

15.  Both  safety  lamps  and  electric  lamps  should  always  be  used  up  to  the 
point  where  breathing  apparatus  is  put  on,  and  beyond  such  f#iBt  no  safety 
lamps  should  be  used  except  one  carried  by  the  leader  of  the  party;  if  ex- 
plosive gas  is  present  In  dangerous  quantities,  even  the  leader  should  not 
cany  a  safety  lamp. 
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FIRST-AID  METHODS. 

16L  The  Sylvester  method  of  artificial  respiration  is  the  preferable  method, 
provided  no  injury  of  the  person  to  be  resuscitated  prohibits  the  use  of  this 
method.* 

IT.  In  the  case  of  dislocation  of  a  hip  or  a  shoulder,  the  dislocation  should 
iK>r  be  reduced,  but  the  limb  should  be  fixed  in  the  line  of  deformity. 

18.  A  man  injured  with  a  broken  back  should  be  handled  as  little  as  possible. 
If  found  in  any  other  than  a  recumbent  position,  he  should  be  kept  in  that 
position :  if  found  in  a  recumbent  position,  posterior  splints  extending  from  the 
head  to  the  feet  should  be  applied,  or  he  should  be  laid  on  rolled  blankets. 

10.  In  the  treatment  of  any  fracture  of  a  long  bone  it  is  necessary  to  apply 
jqjlints  long  enough  to  fix  the  joint  above  and  below  the  fi-acture ;  for  example, 
:f  there  is  a  fracture  of  the  lower  part  of  the  leg,  the  splints  should  be  applied 
m  that  th^  extend  below  the  ankle  and  above  the  knee.  Long  splints  are  espe- 
mlly  to  be  recommended  in  fractures  of  the  legs.  The  forearm  and  arm  splints 
l^signated  by  Dr.  M.  J.  Shields  and  described  in  American  National  Red  Gross 
textbook  on  first-aid,  page  71,  are  commendable. 

20.  It  should  not  be  the  duty  of  a  first-aid  man  to  reduce  a  dislocation 
except  of  the  lower  jaw  or  a  finger. 

21.  The  triangular  bandage  should  be  used  in  preference  to  the  roller 
handage. 

22.  A  first-aid  man  should  not  wash  a  wound.  The  application  to  a  wound 
of  any  foreign  substance  other  than  a  sterile  substance  should  be  condemned. 

23.  In  the  case  of  a  severe  hemorrhage  that  is  being  controlled  by  a  tourni- 
quet If  no  sterile  or  antiseptic  dressing  is  avaUable,  no  dressing  should  be 
i  replied  to  the  wound.  i 

24.  An  injured  person  should  be  carried  feet  first  on  a  stretcher,  unless 
there  be  some  reason  for  a  contrary  method. 

25.  In  the  case  of  an  electric  shock  the  current  should  first  be  either  cut  off 
tyr  short-circuited,  if  possible ;  if  not  possible,  the  rescuer  should  insulate  him- 
^if  and  remove  the  patient  from  the  body  that  carries  the  current.  The 
Treatment  of  electric  shock  prescribed  in  Miner's  Circular  5  of  the  Bureau  of 
Mines  should  be  adopted. 

26l  In  moving  an  injured  man  his  injured  side  should  be  next  to  the  first- 
aid  men  lifting  him.  A  rescue  corps  bearing  an  injured  man  should  in  all 
casQs  have  the  right  of  way  to  the  surface 

Topic  A  12,  "  Development  and  Acceptance  of  New  Methods  and 
Dressings,"  wa.s,  by  resolution  27,  referred  by  the  conference  (see 
p.  Z9)  to  the  executive  committee. 

FIfiST-AID  TRAINING. 

2S.  Tbe  duties  of  a  first-aid  man  are  to  act  intelligently  and  efficiently  be- 
tween the  time  of  an  accident  and  the  time  the  injured  man  is  placed  in  the 
hands  of  the  physician  or  surgeon  or  in  a  hospital. 

29.  The  program  subjects  "Instruction;  Its  Kind  and  Amount,"  "Training 
iM  Practice;  Kind  and  Amount,"  and  "Systems  of  Training:  Red  Cross, 
Navy,  or  New  Combination ;  Value  of  a  Standard  System  for  Miners,"  should 
t»e  treated  as  one  subject,  and  the  Red  Cross  ^stem  of  first-aid  training  should 
be  adopted  as  the  standard. 


author  soggests  that  Jadgment  r«garclltig  the  preference  given  the  Sylvester  over 
t>  Sbafer  method  be  sospended  pending  report  on  an  exbaustiye  investigation  of  the 
-ihject  for  the  Burean  of  Mines  by  a  committee  designated  by  the  American  Medical 
>-^)M3clatlon. 
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30.  Successful  first-aid  work  at  any  given  mine  must  have  the  personal 
interest  of  the  operating  officials,  the  financial  support  of  the  mining  com- 
pany, and  the  cooperation  of  the  mine  physician,  surgeons,  and  employees. 

31.  Every  mine  should  at  all  times  have  a  sufficient  number  of  first-aid  men 
on  duty  to  take  care  of  any  persons  injured  during  any  of  the  24  hours  of  the 
day. 

FIRST-AID  CONTESTS. 

32.  For  the  larger  companies  having  a  great  many  mines,  intracompany 
contests  are  to  be  preferred  as  against  exhibitions,  whereas  for  the  smaller 
companies,  operating  only  one  or  two  mines,  intercompany  contests  are  pref- 
erable. 

33.  The  method  of  Judging  should  be  by  a  system  of  discounts,  the  follow- 
ing discounts  to  prevail  at  all  contests : 

Di8C0ti4it8  for  judging  first-aid  contests. 

Points 
discounted. 

1.  For  not  doing  most  important  thing  first 2 

2.  For  captain's  failure  to  command  men  proiwrly 2 

3.  For  slowness  in  work 2 

4.  For  failure  to  entirely  cover  a  wound 2 

5.  For  wrong  artificial  respiration 2 

6.  For  loose    splint 2 

7.  For  not  padding  splints  properly 2 

8.  For  loose  bandage 2 

9.  For  bandage  too  tight 2 

10.  For  "granny    knot" '- 2 

11.  For  awkward  handling  of  patient  on  stretcher 2 

12.  For  lack  of  neatness 2 

13.  For  assistance  lent  by  patient 3 

14.  For  tourniquet  too  tight 3 

15.  For  failure  to  stop  bleeding 5 

16.  For  not  treating  shock 5 

17.  For  failure  to  he  asceptlc 10 

34.  Each  contest  should  consist  of  not  more  than  five  events.  The  judges, 
who  should  be  first-aid  men  and  surgeons,  should  be  of  sufficient  number,  so 
that  one  judge  does  not  inspect  in  any  single  event  more  than  three  teams, 
and  preferably  less.    These  judges  should  inspect  sets  of  teams  progressively. 

35.  In  all  contests  speed  should  not  be  an  essential  element,  but  a  certain 
time  should  be  allotted  to  each  event.  Failure  to  finish  in  the  allotted  time 
should  be  discounted  1  point  for  each  minute  over  time. 

HOSPITAIiS  AND  FIRST-AID  STATIONS. 

36.  Underground  surgical  hospitals  are  unnecessary,  but  there  should  be 
deposited  at  different  tx)ints  in  the  mine  a  sufficient  number  of  first-aid  packages 
properly  equipped  with  first-aid  emergency  dressing.  In  addition  there  should 
be  located  central  first-aid  dressing  stations  at  the  bottom  and  at  the  surface 
opening  of  the  mine. 

PERMANENT  ORGANIZATION. 

The  last  resolution  of  the  conference  is  presented  below  in  sub- 
stantially the  form  in  which  it  was  unanimously  passed. 

37.  Resolved  that  this  first  national  mine-rescue  and  first-aid  conference 
should  be  made  a  permanent  organization;  that  to  this  end  there  sbould  be 
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created  a  temporary  committee  to  draw  up  a  constitution  and  by-laws  and 
otherwise  complete  the  organization;  that  the  committee  should  be  composed 
of  10  members,  the  presiding  chairman  of  this  conference,  H.  M.  Wilson,  to  be 
the  president  and  C.  S.  Stevenson  the  secretary,  the  vice  president  to  be  elected 
and  the  other  seven  members  of  the  committee  to  be  appointed  by  the  president 

A  draft  of  a  constitution  for  the  proposed  permanent  organiza- 
tion is  presented  in  a  subsequent  section  of  this  report. 

OPENING  SESSION  OF  CONFERENCE. 

The  opening  meeting  of  the  conference  was  called  to  order  by  H.  M. 
Wilson  at  9.20  a.  m.,  September  23,  1912.  He  announced  that  Dr. 
J.  A.  Holmes,  Director  of  the  Bureau  of  Mines,  regretted  that  urgent 
official  engagements  elsewhere  prevented  his  being  present  to  wel- 
come the  delegates.  By  request  of  the  director,  Mr.  Wilson  wel- 
comed the  delegates,  his  remarks  being  as  follows : 

ADDBESS  OF  WELCOME. 

The  Bnrean  of  Mines  is  immensely  gratified  at  the  splendid  response  made  to 
its  inyitation.  It  is  not  only  gratifying  to  the  bureau,  but  it  must  be  equally 
gra tilling  to  yourselves  and  to  those  you  represent  that  so  large  and  so  rep- 
resentatire  a  body  of  men  have  gathered  here  this  morning.  We  have  here 
delegates  representing  districts  scattered  from  eastern  Pennsylvania  to  Mon- 
tana and  from  Michigan  to  Alabama,  and  we  believe  that  such  a  reiiresentation 
makes  this  meeting  an  assured  success.  We  want  to  make  this  a  real  heart- 
to-heart  business  talk  on  the  details  of  those  subjects  outlined  in  the  program 
before  you. 

Having  welcomed  you  on  behalf  of  the  Director  of  the  Bureau  of  Mines,  I 
DOW,  at  his  request,  assume  the  duties  of  and  will  speak  as  temporary  chairman. 

CHAIBMAN'S  PBELIMINABY  BEMABKS. 

The  chairman  continued  his  remarks,  as  follows: 

I  am  sure  you  will  all  agree  that  though  we  want  this  conference  to  he  con-* 
ducted  by  you,  the  representatives  of  the  mining  industry  concerned  In  first- 
aid  and  mine-rescue  work,  it  was  necessary  that  some  one  take  the  initiative 
in  organizing  for  business.  Therefore  I  know  you  will  appreciate  the  motive 
of  the  Bureau  of  Mines  In  asking  certain  of  its  officials  to  act  temporarily  as 
chairman  and  secretary  and  in  submitting  a  tentative  program.  Subsequently 
I  shall  turn  the  proceedings  over  to  you  for  such  action  as  may  suit  your 
pleasure. 

First,  however,  I  believe  that  there  should  be  a  little  preliminary  discussion 
in  order  that  we  may  settle  our  minds  upon  the  subject  in  hand  after  the 
fatigue  of  the  long  Journeys  which  many  of  you  have  undergone.  I  will  accord- 
ingly outline  the  way  the  subject  impresses  me  and  will  then  call  upon  spokes- 
men of  the  different  interests  here  represented  to  express  brlefiy  their  opfnious 
as  to  what  this  conference  may  do. 

By  invitation  of  Vice  President  Richards,  of  the  Philadelphia  &  Reading  Coul 
and  Iron  Ck>.,  I  was  present  last  Saturday  at  East  Mahanoy  Junction,  Pa.,  nt  the 
company's  annual  field  meet,  certain  features  of  which  impressed  me  greatly. 
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There  were  present  nearly  2,000  employees  of  the  company,  representlngr  all 
classes  of  employment;  and  as  I  glanced  over  them  I  recognized  many  of  the 
higher  officials  of  other  great  mining  companies,  and  I  wondered  as  to  the 
amount  of  the  pay  roll  represented  by  the  employees  there  idle  in  the  cause  of 
humanity.  The  Philadelphia  ft  Reading  Coal  and  Iron  Co.  had  on  that  day,  In  the 
interest  of  this  great  movement,  withdrawn  from  work  many  of  the  best  men 
in  its  06  collieries,  had  prepared  a  dinner — not  a  luncheon — for  2,000  people, 
had  employed  several  bands  of  music,  and  had  run  a  half  dozen  special  trains. 
The  pay  roll  alone  represented  by  the  idle  men  could  not  have  been  less  than 
$20,000.  The  interruption  to  the  business  of  a  company  that  was  thousands  of 
tons  behind  in  its  contracts,  with  other  items  of  expense  involved,  must  have 
made  a  total  loss  considerably  in  excess  of  $50,000.  This  expenditure  measures 
the  interest  of  that  one  great  company  in  the  increased  safety  of  its  employees. 
On  the  other  hand,  the  long  weeks  of  training  by  the  miners  and  their  earnest 
work  for  the  success  of  the  field  events  clearly  showed  their  appreciation  of 
the  company^s  efforts  and  the  importance  of  the  first  aid  to  themselves  and 
to  their  fellow  miners.  And  the  same  sort  of  thing  is  now  going  on  all  over 
this  country. 

We  who  have  had  experience  in  this  work  find  that,  aside  from  the  expense 
involved,  it  is  quite  an  effort  to  maintain  the  interest  of  the  men,  and  various 
expedients  must  be  devised  to  keep  up  an  interest  that  will  otherwise  soon  die 
out.  In  the  competitive  meets  appropriate  and  valuable  prizes  are  presented 
to  the  winners,  and  some  of  the  mining  companies  have  rewarded  their  winning 
teams  by  sending  them  to  this  very  meeting;  some  were  sent  to  the  first  na- 
tional mine-safety  demonstration  last  fall.  One  of  the  most  important  things 
to  be  considered  here  is  what  can  be  done  to  retain  the  interest  of  the  men 
and  to  induce  them  to  develop  the  elementary  stage  of  the  training.  Another 
is  the  adoption  of  some  standards  in  first-aid  and  mine-rescue  training  methods. 
The  program  outlines  many  of  those  subjects  regarding  which  there  are  dif- 
ferences of  opinion,  and  we  hope  that  in  the  deliberations  of  this  conference 
many  of  these  differences  may  be  swept  aside  and  replaced  by  a  clear  under- 
standing of  each  other's  methods.  There  are  several  systems  of  Judging  first* 
aid  contests,  and  it  is  utterly  imiK)8sible  for  the  men  of  one  district  to  compare 
the  merits  of  tJieir  work  with  that  of  another  district  by  published  ratinga  We 
should  this  week  get  together  and  establish  a  standard  form  of  judging. 

It  is  undoubtedly  clear  to  nil  of  us  that  standards  of  training  and  Judging 
are  desirable,  for  they  will  give  us  standards  of  comparison  that  will  lead 
to  the  establishment  of  the  work  on  a  systematic  basis.  We  have  all  been 
working  independently,  and  we  have  not  been  able  to  profit  by  the  experience 
of  others,  but  we  believe  that  through  the  medium  of  this  conference  it  will 
be  possible  for  us  to  arrive  at  a  common  understanding.  The  Bureau  of 
Mines,  if  so  requested  by  this  conference,  will  itself  undertake  the  publication 
of  your  conclusions  on  these  several  matters. 

I  now  present  to  you  a  man  who  has  had  a  wide  experience  in  this  work. 
Others  of  you  may  have  had  as  great  or  greater  experience  locally,  but  none, 
I  believe,  have  had  the  opportunity  of  studying  in  so  many  different  parts  of 
this  and  foreign  countries  the  subjects  that  we  shall  consider.  I  introduce 
J.  W.  Paul,  who  is  in  charge  of  the  mine-rescue  and  first-aid  operations  of  the 
Bureau  of  Mines. 

ADDRESS  BY  J.  W.  PAUL. 

Mr.  Paul  addressed  the  conference  as  follows : 

Mr.  Chaibman  and  Gentlemen  :  The  testing  of  breathing  apparatus  by  the 
employees  of  the  Bureau  of  Mines  and  the  outline  of  mlne^rescue  and  first-aid 
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iriining  tberewitli  used  by  them  bare  been  patterned  largely  after  the  prac- 
tices abroad.  TVe  have  endeavored  to  profit  by  the  work  done  in  European 
c<Mmtries  by  sendins  repreaentatlves  of  the  bnrean  to  visit  their  stations  and 
to  ascertain  the  details  of  the  manner  in  which  they  test  the  apparatus  and 
the  details  of  the  nietbods  followed  in  training  men  in  the  use  of  the  apparatus. 
We  have  been  training  men  now  for  about  four  years,  and  a  large  number  of 
nioers  have  been  trained  throughout  different  part  of  the  United  States.  As 
ve  have  received  valuable  suggestions  from  those  interested  in  the  work  we 
iave  freely  adopted  them.  These  suggestions  do  not  always  come  as  fre- 
quently as  we  desire,  and  we  recognize  that  the  training  we  give  is  not  as 
extensive  as  it  should  be,  as  compared  with  the  course  of  training  at  some 
foreign  stations  where  regular  rescue  crews  are  maintained,  and  it  is  hoped 
that  this  conference  will  enable  us  to  adopt  a  satisfactory  standard  of  training 
for  the  miners.  This  will  serve  as  a  basis  of  training  the  miners  in  the  prin- 
r^iHes  and  proper  use  and  care  of  the  apparatus. 

There  are  some  differences  of  opinion  as  to  the  amount  of  training  that  a 
man  should  have  before  he  should  be  certified  as  qualified  to  participate  in 
ar-tuai  rescue  operations.  We  should  like  your  suggestions  as  to  the  number 
'ft  hours  a  man  should  be  trained  with  oxygen,  and  as  to  whether  training 
vithoat  oxygen  is  valuable.  Then,  too,  the  physical  standard  of  the  man  who 
.s  to  take  the  training  is  as  yet  not  a  definite  matter.  These  are  some  of  the 
joints  that  we  hope  the  deliberations  of  this  conference  will  settle  with  some 
•Jegree  of  satisfaction. 

The  operations  of  the  Bureau  of  Mines  in  this  work  have  covered  practically 
ail  of  the  mining  fields  of  the  United  States,  and  have  led  to  the  adoption  of 
various  types  of  rescue  apparatus  by  many  mining  companies  and  the  estab- 
lishment of  many  rescue  stations  by  different  companies  and  States.  We  have 
s.-bedoles  ontllnlng  the  training  of  miners  in  rescue  and  first-aid  work,  a 
ff>rm  used  for  the  physician's  examination  of  the  men,  and  forms  for  recording 
Tb(»  training  work.  They  will  be  at  your  disposal  for  consideration,  and  we 
toiie  to  have  your  criticisms  and  suggestions  on  them.  Mr.  Wilson  has  largely 
-nvered  the  field  of  first-aid  work  and  i)ointed  out  the  need  of  unification  in 
that  work.  We  have  profited  greatly  in  our  work  of  first  aid  to  the  injured  by 
!be  exiierieoce  of  those  interested  in  this  work  in  the  anthracite  field,  in  the 
Birmingiiam  (Ala.)  field,  and  in  the  Colorado  field,  and  by  the  work  of  the 
Red  Cross. 

rnirins  the  last  year  the  bureau  had  at  its  several  rescue  cars  and  stations 
*^,*>31  visitors  and  36,000  auditors  at  lectures.  Of  these  4,700  wore  the  appa- 
ratus, 2,332  were  given  first-aid  training,  and  2,000  were  given  rescue  training. 
These  flgnires  will  give  you  some  idea  of  the  extent  to  which  the  Government 
training  has  extended. 

GENEBAI*   DISCUSSION. 

At  the  conclusion  of  the  foregoing  remarks  by  the  chairman  and 
Mr.  Paul  on  behalf  of  the  Bureau  of  Mines,  the  chairman  threw  the 
iiit^eting  open  to  more  general  discussion,  introducing  first  Mr.  J.  P. 
Keese,  with  remarks  as  follows : 

The  Chaibmaw.  Having  heard  from  a  man  who  si^eaks  for  training  in  gen 
♦•ral  throughout  the  country,  I  now  take  pleasure  in  calling  upon  one  who  rep- 
resents the  operators'  viewpoint — a  man  who  has  had  an  unusual  experience  In 
that  he  has  been  a  mine  worker;  he  has  also  been  connected  with  State  com- 
aiission  work,  and  he  is  now  the  superintendent  of  the  Superior  Coal  Co.,  of 
Gflle^ie,  IIL     I  Introduce  to  you  John  P.  Reese. 
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J.  P.  Reese.  Gentlemen,  I  came  here  to  learn  and  not  to  instruct.  This  Is  my 
first  meeting  of  this  nature,  and  I  hope  to  be  a  better  authority  on  mine-rescue 
and  first-aid  work  on  next  Thursday,  which  marks  the  conclusion  of  these  pro- 
ceedings. I  realize,  however,  that  we  are  all  new  in  this  business  and  that  we 
should  not  hesitate  on  account  of  our  lack  of  experience  to  express  our  views. 
Our  company,  as  do  most  of  the  companies  in  this  country,  realizes  the  impor- 
tance of  having  trained  men  at  hand  to  take  care  of  the  unforeseen  emergeaicy. 
We  as  a  company  have  not  progressed  far  in  this  work,  but  we  have  made  n 
beginning.  We  have  sent  a  few  dozen  of  our  men  to  be  trained  at  the  Spring- 
field station,  where  they  have  obtained  their  certificates,  and  these  men  are 
meeting  weekly  and  training  other  men  in  turn.  We  have  equipped  our  two 
operations,  one  in  Illinois  and  one  in  Iowa,  with  the  rescue  and  first-aid  mate- 
rials that  we  have  been  advised  are  necessary  for  the  successful  operation  of 
this  work.  We  have  at  each  place  helmets,  pulmotors,  electric  lights,  safety 
lamps,  and  first-aid  materials.  We  have  no  statistics  on  the  practical  results  as 
yet,  but  we  do  know  that  in  our  mines  the  nearest  first-aid  man  is  always  sum- 
moned immediately  after  the  injury  of  a  man.  We  believe  that  the  suffering  is 
ther^y  reduced  to  a  minimum  during  the  wait  for  the  arrival  of  the  physician, 
a  period  that  at  best  is  from  one-half  an  hour  to  two  hours.  We  believe 
that  all  of  the  money  we  have  thus  far  spent  has  been  amply  repaid  by  the 
results  we  have  obtained,  and  we  hope  for  still  better  results  in  the  future. 
We  believe  that  in  time  It  will  be  demonstrated  that  even  from  a  financial 
standpoint  this  effort  h&s  been  a  good  Investment;  we  already  know  from 
a  humanitarian  standpoint  that  it  more  than  pays.  We  need  the  first-aid  work 
all  of  the  time. 

I  hope  to  receive  enlightment  upon  the  best  expedients  to  be  used  In  retain- 
ing the  interest  of  the  men  already  trained  and  In  extending  the  work  to  as 
large  a  number  as  possible  of  their  fellow  workmen.  We  have  no  standards  to 
which  we  aspire;  every  one  has  had  to  work  out  his  own  plan.  But  we  have 
succeeded  in  getting  a  great  number  of  our  best  men  interested.  The  miners* 
union  should  take  more  interest  in  this  work,  from  their  national  president 
down  to  the  local  pit  conounittee,  and  if  this  meeting  can  present  this  matter 
forcibly  to  the  dominant  powers  of  the  miners'  organization  It  will  do  a  great 
favor  to  the  mining  industry. 

The  movement  we  represent  here  to-day  Is  one  that  should  receive  the  co- 
operation of  all  mining  interests.  When  the  miners  fully  realize  that  this  work 
is  being  done  from  a  humanitarian  standpoint  alone,  we  will  have  no  trouble  in 
training  great  numbers  of  them  and  in  keeping  them  thoroughly  interested  in 
the  work.  So  far  I  can  not  say  that  any  real  assistance  to  the  movement  has 
been  given  by  the  miners  themselves.  In  reality  the  pioneers  of  the  movement 
have  been  scoffed  nt.  But  we  have  had  the  rescue  apparatus  and  have  used  it 
under  actual  rescue  conditions.  Two  weeks  ago  three  members  of  our  organi- 
zation, together  with  myself,  explored  a  large  area  that  we  had  holed  into  and 
which  was  filled  with  gas  in  which  men  could  not  long  live.  We  explored  six 
entries,  keeping  three  men  at  the  fresh  air  for  relay  and  any  necessary  rescue 
work.  We  have  used  the  apparatus  in  two  other  squeeze  territories  that  were 
full  of  gas — one  of  them  having  been  shut  off  for  over  two  years — and  we  had 
no  diflSculty  at  all ;  most  of  the  boys  that  used  the  apparatus  had  been  to  Spring- 
field and  taken  the  instruction.  I  personally  had  had  no  training  except  that 
which  we  took  at  home ;  but  you  will  find  that  the  breathing  apparatus,  if  used 
with  a  little  common  sense,  is  a  reasonably  safe  instrument;  and  although  we 
were  not  compelled  to  buUd  any  fire  walls  nor  carry  out  unconscious  men,  we 
found  that  we  could  do  such  things  with  the  apparatus  if  we  had  to.  We  also 
explored  one  territory  that  had  had  the  ventilation  off  of  it  for  over  a  year  and 
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WIS  filled  with  black  damp.    We  remained  in  the  territory  for  30  to  45  minuteB, 
found  <mt  all  we  ivvanted  to  know,  and  came  out  with  no  bad  effects. 

It  la  my  opinioti  tliat  the  coal  companies  will  all  cooperate  in  this  first-aid 

and  revme  work   as  soon  as  it  is  forcibly  brought  to  their  attention.    It  will 

be  hard  to  interest  tlie  employees  and  hard  to  keep  them  interested  after  once 

sttractlng  their  attention,  and  undoubtedly  we  will  have  a  few  more  actual 

namples  of  aToldable  fatalities  before  the  benefits  of  the  system  are  accepted 

\sj  aU.   However,  I  look  forward  to  the  day,  in  the  not  distant  future,  when 

eTet7  coal  mine   and   all  other  mines  will  have  a  large  percentage  of  their 

^(doyees  trained  to  administer  first  aid.    Then,  if  we  are  unfortunate  enough 

\      to  haTe  explosions  and  mine  fires  that  call  for  rescue  work,  we  will  be  able  to 

f      reach  the  danger  quickly  and  not  have  to  wait  for  one  of  the  rescue  cars  to 

come  from  an  adjacent  State  or  for  the  crew  to  come  from  the  rescue  station. 

We  will  have  a  trained  corps  of  men  and  a  reasonable  amount  of  equipment 

on  hand,  and  we  wUl  be  able  to  do  the  work  with  the  help  of  our  neighbors, 

and  when  the  big  fellows  get  there  with  the  cars  they  will  pat  us  on  the  back 

and  aay,  **  Yon  bave  done  all  that  we  could  have  done.**    I  hope  that  within 

the  next  few  days  we  who  have  assembled  here  will  become  well  acquainted 

and  Shan  leave  greatly  profited  by  each  other's  association. 

J.  C.  RoBKBTS.  Do  you  have  to  pay  these  men  to  take  the  training? 

J.  P.  Beese.  That's  a  family  secret.    I'll  say  that  we  have  paid  in  part,  not 

in  folL    We  pay  them  for  actual  first-aid  work.    We  do  not  pay  for  their 

evening  meetings,  but  we  did  pay  all  of  their  expenses  when  they  were  taking 

the  training  at  the  Springfield  station. 

The  Chaibman.  The  question  that  Mr.  Roberts  raises  and  that  Mr.  Reese  has 
just  answered  is,  I  think,  a  very  important  one,  and  I  hope  that  the  committee 
concerned  will  deal  with  it  very  fully,  as  it  has  never  been  definitely  settled 
as  to  whether  it  is  Justifiable  to  pay  the  men  for  this  training.  I  also  noted 
with  pleasure  Mr.  Reese's  statement  of  his  ambition  to  be  independent  of 
State  or  GoTemment  assistance  in  the  time  of  disaster. 

I  DOW  take  pleasure  in  introducing  to  you  a  physician  and  surgeon  who  has 
had  mnch  to  do  with  the  development  of  the  magnificent  first-aid  work  that 
many  of  us  have  se&i  in  the  Birmingham,  Ala.,  district  He  represents  the 
Tennessee  Coal,  Iron  &  Railroad  Co.,  and  it  is  through  him  that  the  first-aid 
work  has  kept  apace  with  the  other  great  developmoits  of  that  company.  I 
take  pleasore  in  presenting  Dr.  W.  S.  Rountree. 

Dr.  W.  S.  BouNTKEE.  We  are  here  to  consider  preventable  disasters  and  to 
work  out  the  methods  for  caring  for  the  injured  in  the  cold  light  of  truth. 
Let  us  not  deceive  ourselves  in  the  least;  let  us  apply  the  rod  of  self-punish- 
ment without  flinching  and  try  with  might  and  main  to  correct,  as  far  as  pos- 
sible, our  corrigible  faults.  I  speak  of  the  elimination  of  the  preventable 
disasters  as  if  we  had  arrived  at  that  height  of  perfection  at  which  there  are 
uo  longer  any  disasters,  or  only  few,  to  ^iminate.   ^ 

From  the  standpoint  of  the  doctors  and  surgeons,  let  me  say  that  he  is  un- 
fortunate indeed  who  finds  himself  in  one  of  those  old-school  mining  camps 
that  do  not  have  first-aid  men  to  support  him  in  time  of  disasters.    Moreover, 
this  does  not  apply  only  to  mines,  but  to  communities  where  steel  mills,  fur- 
naces, railroad  shops,  and  quarries  are  located  or  to  any  place  where  a  great 
number  of  men  are  collected.    It  has  been  my  good  fortune  in  my  small  indi- 
vidual way  to  organize  and  train  first-aid  and  mine-rescue  corps  in  Alabama 
w>d  we  feel  that  our  men  are  as  efficient  in  this  great  work  as  the  more  sea- 
soned teams  of  the  anthracite  regions. 

I  have  not  been  aigaged  in  the  work  very  many  years,  but  what  we  have  done 
^  Alabama  seems  to  be  bearhig  good  fruit    I  am  eager  to  continue  this  work, 
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and  I  know  by  coming  to  this  meeting  I  will  be  furnished  with  food  for  thought. 
I  can  remember  that  it  was  only  a  few  years  ago  when  it  was  a  common  oc- 
currence for  men  to  lose  their  lives  in  mills  and  mines  of  our  State  owing  to 
the  absence  of  first-aid  men  in  the  vicinity  of  the  accident. 

Gentlemen,  the  conservation  of  human  life  and  human  energy  should  be  our 
watchword.  It  is  by  far  the  most  important  of  all  questions  before  tbe 
American  people  to-day,  and  I  believe  that  the  first-aid  movement  is  a  step 
in  the  right  direction.  We  physicians  and  surgeons  must  push  this  work 
along.  It  devolves  upon  us  to  do  the  greater  part  of  the  work  by  teaching 
the  layman  how  to  prepare  himself  for  the  saving  of  the  life  of  his  fellow  work- 
man, and  thus  we  will  render  an  everlasting  service  to  suffering  humanity. 

In  teaching  the  layman  first  aid  to  tbe  injured  you  will  find  that  he  will 
grow  very  tired,  because  it  is  a  dry  subject  and  especially  so  to  the  miner, 
but  by  persistent  efforts  and  by  injecting  social  features  into  the  training  you 
will  keep  up  Interest  By  and  by  the  beauty  of  the  work  will  begin  to  unfoM 
itself  and  all  will  experience  genuine  pleasure  through  their  ability  to  relieve 
suffering. 

I  might  state  in  passing  that  the  knowledge  I  try  to  impart  to  the  layman 
by  lectures  and  demonstrations  is  based  upon  the  teaching  of  modem  surgical 
practice  and  common  sense.  The  suggestions  are  not  elaborate  or  extensive, 
the  ruling  consideration  being  simplicity.  Much  that  is  ordinarily  embraced, 
in  the  teaching  of  surgery  is  omitted  in  an  effort  to  select  that  which  is  es- 
sential and  most  helpful.  Technical  terms  are  avoided  and  slight  attempt  is 
made  to  teach  anatomy,  physiology,  and  hygiene.  We  believe  that  in  a  few 
years  first  aid  will  be  taught  in  our  public  schools  and  in  all  places  where  great 
bodies  of  men  are  assembled  in  industrial  pursuits. 

In  order  that  first  aid  may  be  successfully  taught  you  must  have  the  per- 
sonal interest  and  financial  support  of  the  company  ofiicials  and  the  hearty 
cooperation  of  the  physician,  surgeon,  and  employees.  In  my  State  some  of 
the  companies  and  the  doctors  are  slow  to  take  up  this  much-needed  work. 
I  must  say,  however,  that  in  my  company  the  interest  is  universal — ^from  the 
lowest  official  to  the  highest — ^and  by  virtue  of  that  fact  first-aid  and  mine- 
rescue  work  is  a  success  with  us  from  every  standpoint. 

Our  company  a  few  months  ago  gave  quite  a  few  of  our  men  substantial 
checks  for  some  of  the  work  they  had  done.  It  happened  that  two  of  the  men 
in  one  of  our  mines  were  shocked  by  electricity,  and  two  of  our  first-aid  men 
reached  them  in  time  to  resuscitate  them.  They  were  one  hour  in  resuscitat- 
ing one  of  the  unfortunate  men,  and  an  hour  and  a  quarter  elapsed  before  the 
second  was  brought  to  consciousness,  but  the  two  are  to-day  living  and  work- 
ing.   This  is  only  one  example  of  what  men  trained  in  this  work  are  able  to  do. 

I  draw  no  color  lines  in  teaching  tliis  work.  We  have  black  men  as  efficient 
in  giving  first  aid  to  the  injured  as  are  the  white  men.  Again,  the  beauty 
of  this  work  is  not  only  taught  to  the  men  but  to  the  women  and  the  girls  and 
to  the  boys  who  are  soon  to  take  our  places  in  the  great  industrial  pursuits  of 
this  age.  Many  women  come  to  me  and  tell  me  of  cases  in  which  they  have 
been  the  first  who  have  been  asked  to  take  care  of  an  injury,  and  they  have 
since  asked  me  what  they  should  have  done.  It  Is  within  the  province  of 
womankind  to  relieve  suffering,  and  in  the  future  we  are  going  to  teach  them 
the  work  of  first  aid  to  the  injured  in  our  mining  camps.  A  few  months  ago 
an  accident  occurred  in  which  15  men  were  killed  and  many  injured,  and  a  first- 
aid  woman  undertook  the  work  of  caring  for  the  injured,  and  I  am  pleased 
to  say  tliat  her  services  were  the  most  beautiful  of  any  so  engaged  after  the 
accident     At  the  recent  demonstration  of  the  International  Red   Cross  at 
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Washington  it  was  my  pleasure  to  witness  the  work  of  four  teams  of  women  so 
trained,  and  th^r  work  was  very  creditable  indeed. 

Gentlemen,  think  what  first  aid  means  to  the  wives  and  children,  as  well  as 
the  men  themselves;  how  it  may  save  many  a  man  from  being  crip?)led  for 
life;  more  than  this,  how  it  may  mean  the  difference  between  life  and  death 
Itsell  The  time  has  come  when  we  must  be  teachers  as  well  as  doctors  and 
mine  experts — forgetting  selfish  motives,  remembering  the  great  fundamental 
principles  embodied  in  "Do  unto  the  other  man  as  you  would  that  he  should 
do  onto  you." 

One  of  the  things  that  I  hoi)e  this  conference  will  do  is  to  adopt  certain 
standards  of  first-aid  training,  the  lack  of  which  has  heretofore  caused  friction 
in  oar  first-aid  meets  and  competitions. 

The  Chaibman.  I  have  been  very  much  interested  in  this  address  by  Dr. 
Ronntree.  It  has  brought  to  my  mind  for  the  first  time  the  fact  that  it  Is 
entirely  possible  and  practical  for  the  women  of  our  mining  camps  to  be  of 
service  in  this  great  effort  for  reducing  the  loss  of  life  in  our  mines.  I  see 
no  reason  why  the  work  can  not  be  extended  to  ^women  with  the  full  expecta- 
tion that  we  shall  be  greatly  repaid  by  our  efforts.  It  Is  certainly  within  the 
province  of  womankind  to  take  care  of  the  injured,  and  as  an  example  we 
have  only  to  recall  the  great  work  done  by  the  Red  Cross  nurses  on  the  field 
of  battle.  I  hope  that  the  proper  committees  will  give  this  matter  of  the 
training  of  the  women  of  our  mining  camps  the  consideration  that  its  imiwr- 
tanee  seems  to  me  to  demand. 

I  now  take  pleasure  in  introducing  to  you  a  man  who  represents  the  inspec- 
tors point  of  view  in  this  work.  He  is  one  well  known  in  the  inspection  force 
of  the  bituminous  district  of  the  State  of  Pennsylvania.  I  take  pleasure  In 
presenting  F.  W.  Cunningham. 

F.  W.  Cunningham.  Mr.  Chairman  and  gentlemen,  I  did  not  come  to  this 
conference  with  the  expectation  of  addressing  you,  but  I  came  in  the  hope  of 
listening  to  the  wise  counsel  of  others  and  profiting  thereby.  I  fully  appreciate 
that  we  are  in  need  of  some  standard  system  for  this  work.  I  find  different 
methods  at  each  camp  where  first  aid  has  been  inaugurated,  and  it  may  never 
he  possible  to  have  a  uniform  quality  of  work  throughout  the  whole  country. 
Men  will  Insist  on  performing  their  work  by  that  method  which  they  know 
bow  best  to  apply. 

I  beUeve  there  is  great  good  done  by  first-aid  exhibitions.  They  not  only 
maintain  the  Interest  of  the  regular  rescue  crews,  but  they  are  of  positive 
instructional  value  to  the  spectators.  For  instance,  the  other  day  in  one  of 
oar  mines  a  boy  was  injured  while  trying  to  Jump  aboard  a  trip  of  moving 
oare.  The  trip  rider  was  a  Hungarian  who  had  seen  the  first-aid  teams  in 
operation,  but  who  had  never  been  given  any  actual  training  himself.  He, 
however,  administered  first  aid  from  his  memory  of  the  work  that  he  had  seen 
the  first-aid  crews  do;  he  claimed- that  the  boy  was  unconscious  for  half  an 
hour  and  that  blood  flowed  from  his  nose  and  month.  Just  what  process  he 
used  to  restore  the  boy  he  could  not  explain,  but  I  do  know  that  he  must  have 
made  a  heroic  effort  and  that  the  boy  is  living  and  well  to-day. 

I  brieve  it  is  important  for  this  conference  to  adopt  standard  methods  of 
Judging  the  work  in  these  first-aid  meets.  We  have  no  assurance  that  equal 
rating  as  published  in  reports  from  Alabama,  Colorado,  and  Pennsylvania 
means  that  the  work  of  the  teams  in  those  States  is  of  equal  value. 

The  Penn^lvanla  law  requires  that  all  necessary  first-aid  materials  be  kept 
at  each  mine.  We  have,  however,  gone  a  step  further  than  they  have  in  some 
States,  in  that  we  have  decided  that  since  we  must  have  the  first-aid  materials 
at  hand  we  should  also  have  at  hand  men  who  know  how  to  apply  such  mate- 
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rials.  The  only  compulsory  flrst-aid  work  In  this  State  Is  that  which  requires 
men  working  around  electricity  to  be  able  to  apply  resuscitation  in  the  event 
of  shock.  I  find  that  in  the  bituminous  district  of  Pennsylvania  the  higher 
officials  of  the  companies  stand  nobly  by  this  work;  our  greatest  trouble  is 
that  the  officials  at  the  mines  do  not  give  the  proper  cooperation.  I  believe 
that  the  bituminous  field  of  Pennsylvania  deserves  credit  for  the  work  it  has 
already  done.  Still  greater  advance  is  possible,  but  in  many  localities  of  this 
field  you  will  find  a  good  proportion  of  the  men  trained  and  capable  of  taking: 
care  of  an  injury  to  their  fellow  employees.  The  mining  department  of  the 
State  of  Pennsylvania  believes  that  fatal  accidents  due  to  falls  of  roof  and  other 
similar  causes  may  be  cut  in  two  by  the  work  of  properly  trained  flrst-ai<l 
men,  and  it  is  unnecessary  for  me  to  say  that  the  cooperation  of  that  depart- 
ment is  assured  in  anything  that  this  conference  may  do  that  will  assist  this 
great  cause. 

The  Chairman.  Perhaps  no  other  agency  has  done  more  to  develop  first-aid 
work  than  has  the  American  National  Red  Gross,  and  to  one  man  more  than 
to  any  other  is  due  the  credit  for  the  great  work  that  the  Red  Cross  has  done 
in  this  line.  He  It  was  who  trained  the  first  crew  instructed  in  an  American 
mine ;  he  is  the  man  who  trained  the  first-aid  men  of  the  Bureau  of  Mines  ; 
and  it  is  largely  through  his  efforts  that  we  have  seen  this  work  developed  in 
the  United  States  to  its  present  standard  of  excellence.  I  take  great  pleasure 
in  introducing  to  you  Dr.  M.  J.  Shields,  of  the  American  National  Red  Gross. 

Dr.  M.  J.  Shields.  Mr.  Chairman  and  gentlemen,  an  invitation  was  presented 
to  MaJ.  Charles  Lynch  of  my  department  to  be  present  at  this  conference, 
but  due  to  the  pressure  of  other  business  he  found  it  impossible  to  be  here, 
and  I  have  been  ordered  to  report  in  his  absence.  I  am  very  glad  of  this  oppor- 
tunity to  be  present  I  see  here  many  of  the  friends  who  have  cooperated  witli 
me  in  this  work  during  the  past  three  years,  and  the  occasion  is  indeed  a 
pleasant  one. 

As  Mr.  Wilson  has  pointed  out,  I  believe  that  the  object  of  this  conference 
should  be  the  practical  standardization  of  first-aid  methods^  and,  if  these  con- 
tests are  to  be  continued,  the  standardization  of  the  methods  by  which  they 
are  to  be  judged.  For  instance,  I  have  always  been  an  advocate  of  the  tri- 
angular bandage.  The  roller  bandage  requires  a  great  deal  of  skill  for  its 
proper  application ;  indeed  a  great  many  physicians  in  the  United  States  to-day 
can  not  correctly  apply  the  roller  bandage — that  work  is  usually  done  by  the 
nurse ;  yet  we  have  advocates  of  the  use  of  the  roller  bandage  in  first-aid  work. 
I  have  in  mind  a  case  where  an  injured  man  was  delayed  an  hour  and  a 
half  in  his  arrival  at  the  hospital  because  the  first-aid  man  wanted  to  apply  a 
fancy  roller-bandage  dressing.  This  could  have  been  done  with  a  triangular 
bandage  in  two  minutes;  and  because  of  the  facility  with  which  the  triangular 
dressing  is  applied  I  believe  we  should  all  advocate  its  use.  First  aid,  as  I 
understand  it,  is  the  connecting  link  between  the  time  a  man  is  injured  and 
the  time  he  arrives  at  a  hospital.  I  feel  fully  convinced  that  it  is  a  mistake 
to  teach  the  rank  and  file  the  use  of  the  roller  bandage. 

One  of  the  important  things  for  this  conference  to  do  is  to  standardize  the 
methods  of  judging  first-aid  contests.  In  the  past  it  has  been  a  common  thing 
to  have  friction  at  these  meets  because  of  the  difference  in  the  teaching  of 
tlie  various  teams.  If  we  have  suitable  standards  adopted  here  men  will  in 
the  future  know  what  to  expect  in  these  contests  and  friction  will  be  avoided. 
I  shall  be  very  glad  to  assist  in  this  work  in  any  way  that  I  find  possible, 
and  I  believe  the  doctors  all  over  the  countrj'  will  welcome  any  information 
as  to  how  they  should  teach  and  what  they  should  teach. 
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In  the  line  of  compensation  for  first-aid  men  I  believe  that  the  system  used 
by  the  company  where  I  organized  this  work  In  the  anthracite  field  was  one 
deserrlng  attention.  Men  who  were  faithful  attendants  and  skillful  artisans 
in  this  work  were  given  preced^ice  in  the  matter  of  promotion  in  the  mine, 
but  no  direct  compensation  was  made  for  the  efforts  that  the  men  directed  to 
the  work.  I  have  often  made  the  statement  both  to  miners  and  railroad 
workers  that  It  is  they  who  derive  the  greatest  benefit  from  this  work.  It  Is 
their  lives  that  are  saved  by  the  efforts  of  the  first-aid  men.  I  tell  the  men 
that  it  is  the  best  insurance  which  they  can  have  if  they  are  engaged  in  a 
hazardous  occupation;  I  tell  them  that  with  the  proper  administration  of  first 
aid  they  wlU  get  well  from  a  serious  injury  10  to  60  days  earlier  than  without  it. 

The  matter  of  Judging  has  given  me  greater  worry  than  any  other  feature 
of  this  work.  I  remember  that  in  the  first  contest  in  the  anthracite  field  in 
1906  we  gave  33^  per  cent  for  correct  method,  efficiency  33i,  and  time  33^  per 
cent  By  giving  so  large  a  percentage  to  the  element  of  time  we  found  that 
aU  men  were  inclined  to  speed  up  their  work  and  thereby  put  on  an  inefficient 
dressing.  Gradually  this  element  of  time  was  cut  down  as  much  as  possible, 
190  that  in  our  meets  at  the  present  time  men  proceed  with  all  the  care  that  the 
seriousness  of  the  injury  demands.  T.  B.  Dilts  and  a  local  physician  at 
Greenaburg  inaugurated  at  a  recent  contest  a  system  that  will  eventually 
orercome  much  of  the  wrangling  often  seen  at  these  contests.  Mr.  Dilts's 
plan  is  to  have  five  physicians  do  the  marking,  and  after  each  dressing  these 
physicians  change  to  a  different  team,  and  in  this  way  each  team  gets  the 
baiefit  of  the  marking  of  different  physicians.  It  will  be  impossible,  perhaps, 
to  create  a  table  of  discounts  that  will  fit  all  circumstances.  H.  M.  Wolfflin, 
one  of  the  engineers  of  the  Bureau  of  Mines,  has  suggestions  in  this  connec- 
tion that  I  believe  are  excellent 

In  the  matter  of  maintaining  the  interest  of  the  men,  after  extended  experi- 
ence throD^ont  the  United  States^  I  find  that,  after  all,  it  is  simply  a  ques- 
tion of  what  interest  the  officials  may  have  in  the  work.  Where  the  officials 
are  passive  the  men  are  passive,  and  where  the  officials  are  active  the  men 
reflect  their  interest 

It  has  been  my  experience  that  we  should  not  teach  first-aid  men  to  wash 
wounds.  Prominent  surgeons  to-day  do  not  wash  wounds  as  they  did  formerly. 
I  have  told  men  that  iodoform  is  the  medical  skunk,  and  that  that  popular  dis- 
infectant, peroxide,  is  nothing  but  wind  and  water;  that  the  best  they  could 
do  is  to  use  nothing  but  the  local  air  and  keep  impure  materials  and  disinfec- 
tants away  from  the  wound.  I  tell  them  that  germs  are,  in  a  way,  like  flies ; 
they  are  on  your  clothing  and  your  hands,  but  they  do  not  fly  around  in  the  air 
to  any  large  extent 

The  Chaibman.  I  believe  that  Dr.  Shields's  remarks  should  be  the  keynote 
of  this  conference,  and  that  the  committee  should  give  close  attention  to  this 
matter  of  tlie  triangular  bandage  versus  the  roller  bandage,  and  to  the  proper 
protection  of  a  wound  to  prevent  infection.  I  was  much  impressed  with  the 
r^iison  assigned  for  the  use  of  the  roller  bandage  in  one  field  that  I  recently 
Ti Kited.  It  was  tliat  the  men  were  taught  the  use  of  the  roller  bandage  as 
a  postgraduate  course  to  the  simpler  and  more  elementary  triangular  bandage, 
and  that  it  was  done  largely  to  retain  the  interest  of  the  men  in  the  work  over 
long  periods. 

Dr.  M.  J.  Shields.  The  Red  Cross  is  about  to  promulgate  what  we  call  a 
"  medallion  course  "  of  instruction,  which  will  be  very  nearly  equivalent  to  the 
work  of  the  St  John's  ambulance  corps  in  Bngland.  This  medallion  crew  will 
have  a  personal  connection,  as  it  were,  with  the  army  in  that  these  men  will 


26  NATIONAL  MINB-BESCUB  AND  FIBST-AID  CONFERENCE. 

be  called  upon  in  time  of  need,  but  of  course  may  use  tbelr  pleasure  as  to  enlist- 
ment This  has  been  done  simply  to  retain  the  interest  of  the  men.  The 
Instructors  of  others  in  first  aid  should  undoubtedly  have  had  an  advanced 
course  that  is  the  equivalent  of  our  medallion  course;  they  will  then  be  enabled 
to  teach  others  from  a  broader  point  of  view. 

The  Chaibman.  The  chair  now  asks  the  pleasure  of  the  conference,  and  will 
entertain  any  motion  regarding  procedure. 

T.  B.  DiLTS.  Gentlemen,  I  move  you  that  the  conference  be  divided  Into 
committees,  as  outlined  in  the  program,  and  that  these  committees  be  appointed 
by  the  chair. 

Dr.  A.  F.  Knoefel.  I  have  heard  nothing  yet  as  to  the  organization  of  this 
conference,  and  I  thinly  that  it  is  well  that  we  should  consider  the  appointment 
of  a  committee  by  the  chair  for  organizing  this  body  permanently.  We  need 
an  executive  committee,  to  which  all  matters  that  may  come  in  dispute  from 
time  to  time  may  be  referred. 

T.  B.  DiLTS.  I  amend  my  motion  to  include  the  appointment  of  eight  com- 
mittees by  the  chair,  to  take  care  of  those  subjects  outlined  in  the  program,  and 
a  committee  on  orgimization,  as  Dr.  Knoefel  has  suggested. 

The  amended  moticm  was  unanimously  adopted  by  the  conference. 

J.  P.  Reese.  I  move  that  the  organization  committee  be  composed  of  five  indi- 
viduals, and  that  all  other  committees  be  composed  of  three  individuals. 

This  motion  was  not  seconded,  but  was  followed  by  discussion  as  to 
whether  the  first  meetings  should  be  in  sections  or  whether  the  indi- 
vidual committees  should  meet  at  once.  It  was  finally  decided  that 
medical  and  first-aid  men  should  meet  in  joint  conference,  regardless 
of  committee  assignments,  during  the  afternoon  of  September  23,  and 
that  mining  men  and  those  interested  in  rescue  work,  regardless  of 
committee  assignments,  should  also  meet  separately  on  the  same  after- 
noon ;  and  that  in  the  evening  and  during  September  24,  mining  men 
and  surgeons  who  were  members  of  committees  5,  6,  and  7  should  meet 
in  joint  conference. 

J.  P.  Reese.  I  move  that  all  committees  be  composed  of  a  minimnm  number 
of  three,  except  the  organization  committee,  which  shall  be  composed  of  a 
minimum  number  of  five. 

Unanimously  carried. 

Dr.  M.  J.  Shields  moved  that  each  committee  should  have  a  chair- 
man and  a  secretary  appointed  by  the  chair,  and  Dr.  A.  F.  Knoefel 
amended  the  motion  to  read  that  the  chairman  be  elected  by  each 
committee,  and  that  the  secretary  be  appointed  by  the  chair  from  a 
member  of  the  Bureau  of  Mines  staff.  The  motion  as  amended  was 
unanimously  carried. 

J.  P.  Beese  moved  adjournment  for  80  minutes,  in  order  that  the 
chairman  might  make  selections  for  the  various  committees. 

The  chairman  called  the  meeting  to  order  at  12.20  p.  m.,  and 
announced  committee  appointments  as  mentioned  in  a  fore^ing 
section. 
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PROCEEDINGS  OF  JOINT  MEETING  OF  COMMITTEES  1, 

2,  AND  3. 

Committees  1,  2,  and  3  met  jointly  at  2  p.  m.,  September  23.  J.  W. 
Paul  was  elected  chairman  and  D.  J.  Price  was  elected  secretary. 

The  CHAntMAN.  The  purpose  of  this  joint  committee  meeting  is  to  discuss 
breathing  apparatus,  training  courses,  and  the  operation  of  crews  in  mine- 
rwcne  and  recovery  worlc. 

There  Is  placed  before  you  for  your  perusal  and  criticism  the  bureau's  publi- 
cation on  rescue  nppArata8,<<  and  an  outline  of  the  bureau's  course  of  training 
with  breathing  apparatus.  We  earnestly  solicit  your  criticism  and  ask  for  any 
jvuggestions  you  may  care  to  make  that  will  aid  us  In  making  our  work  more 
efficient 

The  meeting  is  in  your  hands  and  the  chairman  will  be  pleased  to  entertain 
any  motions,  resolutions,  or  discussions  you  may  present. 

On  motion  by  Mr.  Reese,  the  secretary,  read  extracts  ivom  the 
Bnrean  of  Mines  miners'  circular  above  mentioned  relative  to  the 
use  and  care  of  mine-rescue  breathing  apparatus. 

J.  C.  ROBEBTS.  I  think  it  bad  to  Instruct  rescue  men  to  remove  bottle  or 
cartridge  from  their  own  apparatus. 

Chabixs  Enzian.  I  helped  originally  to  suggest  the  idea  of  training  men  to 
remore  the  cartridge. 

Austin  King.  A  trained  man  is  one  who  knows  how  to  act,  one  who  will 
nerer  enter  a  mine  to  do  rescue  work  alone.  I  think  it  is  a  very  good  idea  to 
train  the  men  to  replace  their  own  oxygen  bottle,  so  that  they  can  act  together 
in  case  of  an  emergency. 

J.  P.  Reese.  I  am  opposed  to  the  doctrine  that  two  men  could  not  go  in  alone. 
It  \»  not  necessary  for  four  or  five  men  to  enter  at  one  time.  I  have  had  ex- 
perience with  a  party  of  three  menVhich  worked  out  successfully. 

Henbt  Owens.  A  crew  of  not  less  than  four  men  is  safe,  and  in  preparation 
of  a  man  for  emergency  work  I  have  trained  the  men  to  remove  the  bottle 
themselves. 

J.  L.  Simons.  I  believe  It  is  necessary  to  have  at  least  four  men  in  a  crew. 

WnxiAM  Conibeak.  Referring  to  removing  oxygen  cylinder  and  cartridge,  I 
see  no  advantage  in  a  man  doing  it  himself.  I  think  it  is  wise  to  have  no  less 
than  five  men  in  a  rescue  party,  in  which  case  a  man  could  be  assisted  in  re- 
moving the  oxygen  cylinder  and  cartridge 

H.  P.  DowLEB.  I  think  the  question  of  how  many  men  should  constitute  a 
rwirty  should  be  left  to  the  operators. 

H.  R.  Owens.  I  believe  you  should  always  get  five  or  six  men  if  you  can; 
Dot  less  than  four. 

G.  H.  Ha  WES.  The  Oliver  Mining  Co.  has  three  stations  a  half  hour  away, 
with  three  men  at  each  station,  so  that  they  can  all  be  assembled  in  a  short 

time. 

J.  L.  SiiioNS.  I  do  not  think  two  men  can  take  out  one  man. 

G.  H.  Hawes.  Our  practice  work  Included  the  carrying  out  of  one  man  by 
two  mai  to  the  bottom  of  the  shaft  and  to  the  cage.  The  man  was  laid  on  a 
car  and  pushed  out — ^actually  carried  and  dragged,  tied  to  a  rail — a  distance  of 
300  feet  from  the  bottom  of  the  shaft. 


*  Ptnl,  J.  W.,  The  use  and  care*  of  mine-rescue  breathing  apparatus.    Miners'  Circular  4, 
Bnreaii  of  llfiies,  1911,  24  pp.,  6  figs. 
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Austin  King.  The  Frlck  Co.  have  gone  carefully  over  this  question,  and  I 
think  has  spent  more  money  than  any  other  company  in  the  training-to-rescue 
business.  We  believe  It  is  best  to  have  5  persons  to  a  team,  1  of  whom  should 
be  the  captain.  We  have  36  rescue  teams  and  3  stations,  and  we  believe  that 
a  team  of  5  men  is  an  ideal  team.  We  try  to  make  the  training  as  difficult  as 
possible  so  that  the  men  will  be  thoroughly  trained. 

WnxiAM  NiSBET.  I  have  had  an  experience  in  a  mine  and  am  not  in  favor 
of  one  or  two  men  going  into  a  mine.  There  had  been  a  very  large  mine  fire 
there  and  in  order  to  recover  part  of  the  mine  it  was  necessary  to  go  about  700 
feet  and  build  two  stoppings.  While  working  one  of  the  men  was  partly  over- 
come and  we  had  great  difficulty  In  getting  him  out.  There  should  be  not  less 
than  seven  men  to  go  into  a  mine  in  a  fire  or  nn  accident.  I  think  we  ought  not 
to  take  a  chance  with  one  or  two  men. 

Austin  King.  The  truth  of  the  matter  is  that  we  take  only  a  few  men  from 
the  outside,  and  they  are  men  of  exceptional  make-up.  Some  outside  men  are 
afraid  to  enter  the  mine,  and  we  try  to  pick  out  those  that  will,  and  have  them 
on  our  rescue  team.  We  try  to  get  men  who  -are  not  afraid  to  work  in  the 
mine  when  a  disaster  occurs.  I  suppose  that  we  could  get  our  36  corps  to  one 
place  in  3  hours  if  it  was  necessary. 

B.  J.  Matteson.  In  the  West,  in  regard  to  helmet  work,  we  have  five  stations 
and  a  car,  which,  in  addition  to  four  helmets  and  a  pulmoter  each,  have  a  tele- 
phone with  each  crew.  The  telephone  is  taken  in  4,000  feet,  which  is  consid- 
ered far  enough  for  a  helmet  crew  to  go.  This  portable  telephone  is  certainly 
a  great  help  to  the  helmet  men.  It  Is  similar  to  what  linemen  use  and  is  a 
pocket  telephone.  It  has  one  mile  of  twin-conductor  cable,  and  the  wire  is 
wound  on  a  reel  with  a  handle,  which  makes  It  very  easy  to  carry. 

The  earpiece  is  strapped  to  the  carrier's  head.  It  is  a  very  satisfactory 
arrangement  and  very  easy  to  carry. 

Austin  Kino.  I  agree  with  the  gentleman  that  these  telephones  are  a  great 
convenience.  In  Pennsylvania  they  are  so^gtetlmes  of  a  portable  character,  but 
generally  they  are  of  the  regulation  mine-telephone  type.  There  is  no  doubt 
but  that  they  are  a  very  great  help. 

William  Ltnch.  I  think  a  telephone  would  be  a  great  help  to  the  Bureaa 
of  Mines.  Why  not  put  the  telephone  lines  in  through  their  life  line,  and  when 
we  have  a  man  in  the  mines  we  can  talk  to  him  if  we  desire?  That  is  some- 
thing new  and  is  undeveloped  as  yet. 

J.  W.  Paul.  The  bureau  has  such  telephone  equipment  on  each  of  its  safety 
cara  The  helmet  has  a  transmitter  Inside  and  the  receiver  fits  over  the  ear 
in  a  manner  similar  to  those  used  by  telephone  girls. 

By  the  end  of  the  week  I  hope  to  have  on  exhibition  here  a  new  tsrpe  of  tele- 
phone made  by  the  Western  Electric  Co.  This  is  a  telephone  by  which  one 
can  talk  by  using  the  ordinary  receiver,  and  by  the  transmitter,  a  little  disk  that 
is  strapped  on  the  neck,  one  can  talk  and  be  distinctly  understood  at  the  other 
end  of  the  line. 

In  regard  to  the  course  of  training  calling  for  the  removal  and  replacing  of 
the  regenerator  and  oxygen  bottles  of  the  Draeger  apparatus,  it  Is  not  recom- 
mended that  men  do  this  in  actual  mine-rescue  work  except  in  case  of  extreme 
necessity — in  case  a  man  finds  that  he  can  not  get  out  of  the  mine  without  a 
renewal  of  his  oxygen  supply.  If  he  finds  that  he  is  not  able  to  get  back  and 
has  no  assistance,  he  might  possibly  be  able  to  save  his  life  if  he  could  put  a 
freshly  charged  bottle  on  his  apparatus. 

In  regard  to  the  number  of  men  that  should  compose  a  rescue  party,  the 
Bureau  of  Mines  has  been  insisting  upon  not  less  than  five  men  to  compose  a 
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reecne  crew,  for  the  reason  that  if  one  meets  with  an  accident,  there  would  be 
four  men  to  bring  him  out. 

We  think  a  man  has  a  right  to  refase  to  go  into  a  mine  alone,  as  he  has  no 
assurance  that  he  will  be  able  to  get  ont  alive;  nor  should  only  two  men  enter 
a  mine  filled  with  poisonous  gases.  There  should  be  a  sufficient  number  of 
men  to  guarantee  confidence  on  the  part  of  all  the  men. 

Some  of  our  men  have  had  considerable  exT)erience  in  mine-recovery  work, 
and  wh«i  they  have  been  on  prolonged  expeditions  extending  over  four  or  five 
days  or  probably  a  week,  making  long  journeys  several  times  daily,  they  have 
found  they  prefer  the  mouth-breathing  type  of  apparatus.  After  using  the 
mouth  breather  a  certain  number  of  times  they  found  it  was  not  objectionable, 
although  they  have  difficulty  in  talking;  but  talking  is  not  necessary  with  a 
properly  organized  crew. 

There  is  a  general  disposition  on  the  part  of  people  who  know  little  of  the 
apparatuji  to  expect  greater  things  of  the  men  who  wear  the  apparatus  than 
they  are  capable  of  doing.  The  bureau  thinks  there  should  be  some  regulation 
as  to  the  amount  of  work  that  should  be  required,  as  to  the  number  of  hours 
of  rest  for  the  men,  as  to  whether  or  not  they  should  take  stimulants,  and  as 
to  what  should  be  the  maximum  distance  they  should  proceed  in  poisonous 

B.  J.  BfATTEsoN.  In  regard  to  helmet  men,  I  believe  all  men  that  are  trained 
to  act  as  helmet  men  should  pass  a  medical  examination  as  to  their  physical 
ability  to  wear  a  helmet,  as  a  man  with  a  weak  heart  or  affected  lungs  is  liable 
to  overexert  himseif  in  trying  to  keep  up  and  do  his  share ;  should  he  fall  with 
a  heimet  on  in  this  condition  there  is  a  possibility  that  he  would  lose  his  life 
before  he  could  be  taken  to  the  outside  and  properly  treated. 

Ausniv  King.  We  train  180  men  and  the  expense  to  us  is  |5  apiece  for  each 
practice,  and  that  costs  money. 

B.  J.  Matteson.  We  give  them  training  at  almost  any  point  along  the  mine, 
but  before  we  make  them  members  of  the  regular  crew  they  have  to  stand  a 
medical  examination.  If  the  doctor  pronounces  them  all  right,  they  go  on  with 
the  training;  if  their  hearts  are  weak,  they  are  generally  excitable,  and  they 
might  go  down  and  lose  their  lives. 

BxNvr  Owens.  For  our  training  we  have  a  tunnel  driven  400  feet  into  the 
mountain  and  with  only  one  opening.  We  build  a  wood  fire  right  near  the 
(^lening  and  bum  a  lot  of  sulphur.  We  tell  the  men  there  has  been  an  explo- 
sion, and  they  are  supposed  to  go  in  and  investigate.  They  must  stand  a 
doctor's  examination.    In  our  company  we  train  anybody. 

Austin  Kino.  We  train  miners  and  drivers,  and  we  try  to  give  these  men 
preference.  They  are  the  men  upon  whom  we  would  have  to  depend.  We  try 
to  get  that  class  of  men  to  train,  and  also  the  fire  boss,  who  ought  to  make  a 
good  leader.  In  most  cases  the  mine  foreman  is  the  captain  of  the  team.  Our 
superintendents  are  of  no  use  for  that  work.  A  superintendent  should  stay  on 
top ;  and  if  he  is  not  a  practical  mining  man,  he  ought  to  be  compelled  to  stay 
there. 

Chasi£8  Enzian.  Do  not  send  into  the  mine  less  than  five  men.  At  one  time 
I  was  an  advocate  of  a  corps  composed  of  few  men  well  trained,  but  have  since 
changed  my  opinion  on  this  matter.  It  has  proved  better  practice  to  have  a 
larger  number  of  men  fairly  well  trained.  I  know  of  a  case  in  point.  In  a 
party  of  four  men  one  was  lost  because  the  three  men  could  not  carry  him  out, 
although  he  did  not  weigh  over  150  pounds. 

The  colliery  labor  force  changes  very  rapidly,  amounting  to  almost  a  complete 
ohange,  with  the  exception  of  the  officials,  about  every  three  or  four  years.  The 
opdinary  mine  workman  shifts  from  mine  to  mine.    We  all  agree  with  Mr.  King 
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that  the  cost  of  $5  or  more  to  train  a  man  amounts  to  quite  a  sum  of  money 
at  each  mine,  and  therefore  the  work  practically  resolves  itself  into  one  classi- 
fication; that  is,  only  the  salaried  men  are  thoroughly  trained,  because  they  are 
more  or  less  permanent  employees. 

F.  W.  CuNNiiroHAM.  In  our  district  the  mine  bosses  and  fire  bosses  have  to 
go  at  a  3.30  gait  Our  mine  bosses  and  mine  foremen  should  be  trained  in 
first  aid  and  in  the  use  of  the  helmet 

At  least  five  or  six  men  should  be  on  a  team.  It  is  difllcult  to  get  the  right 
kind  of  men  who  are  not  afraid  of  work  underground. 

J.  P.  Reese.  I  believe  in  getting  what  you  can  get  using  what  you  have.  I 
disagree  with  my  friend  King  about  the  superintendent.  I  would  rely  on  our 
superintendent  more  than  any  other  man  on  the  job. 

I  believe  that  this  movement  is  so  young  and  there  are  so  many  problems 
that  we  will  not  really  be  able  to  do  much  at  this  meeting. 

How  far  should  we  permit  men  to  go  with  helmets?  I  think  that  is  a  prob- 
lem we  can  make  recommendations  on.  There  is  a  time  when  we  can  keep  our 
fresh  air  within  a  few  feet  of  the  face.  But  this  meeting  will  be  recognized  as 
the  highest  authority  on  some  of  these  problems  and  we  can  do  some  things. 

Austin  King.  The  reason  that  we  do  not  think  a  superintendent  is  a  fit  per- 
son Is  because  he  knows  where  everything  is.  He  is  the  one  that  has  general 
control  of  everything — ^keeping  people  away,  giving  general  instructions — ^and 
he  can  do  more  good  on  top  than  he  could  underground.  That  is  why  it  is  better 
to  keep  him  out  of  the  mine. 

B.  J.  Matteson.  I  believe  that  the  superintendent  should  be  trained  in  the 
use  of  the  helmet  as  well  as  the  pit  bosses  and  other  men. 

J.  P.  Reese.  I  move  that  the  joint  session  adjourn  and  that  committees  1,  2, 
and  3  meet  immediately  at  their  respective  places. 

The  motion  was  seconded  and  carried. 

PROCEEDINGS  OF  COMMITTEE  1  RELATIVE  TO  RESCUB 
APPARATUS  AND  RESCUE  TRAINING* 

Committee  1  met  September  23  at  3.30  p.  m.,  adjourned  at  5  p.  m., 
and  met  again  September  24  at  9  a.  m.,  adjourning  at  noon.  D.  J. 
Price  acted  as  secretary  by  appointment  of  the  chairman  of  the  con- 
ference and  called  the  meeting  to  order.  J.  W.  Paul  was  elected 
chairman.  The  members  are  mentioned  on  page  12.  The  resolu- 
tions adopted  (see  pp.  12-13)  were  separately  presented  and  dis- 
cussed. The  discussion  of  importance  in  connection  with  these  reso- 
lutions is  reported  under  the  proceedings  of  the  sectional  session 
(pp.  27-30),  and  in  connection  with  the  adoption  of  the  resolutions  by 
the  conference  at  its  closing  session  (pp.  61-54). 

PROCEEDINGS  OP  COMMITTEE  2  RELATIVE  TO  RESCUX: 

OPERATIONS. 

G.  H.  Deike,  acting  as  secretary  by  appointment  of  the  chairman  of 
the  conference,  called  the  meeting  to  order  September  23  at  4  p.  m. 
J.  P.  Reese  was  elected  chairman.  The  members  of  the  committee 
are  mentioned  on  page  12. 
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macuBStov  on  usii  ov  tthtbaineb  ubn  ih  bbscths  wobk 

J.  p.  Reese.  I  favor  using  trained  men,  wliere  available,  in  rescue  operations, 
but  wbere  there  are  no  trained  men  I  favor  taking  the  untrained  men  at  hand. 

F.  W.  CuNNiiroHAv.  I  favor  trained  men  in  the  use  of  breathing  apparatus. 
Untrained  men  will  probably  carry  out  orders  better  than  trained  men  in  re- 
coTeiy  work. 

B.  J.  Matteson.  The  helmet  men  used  by  our  company  are  all  trained  men ; 
the  untrained  men  to  follow  up  the  helmet  men  must  all  be  experienced  mine 
men.  The  helmet  men  use  the  portable  phone  while  advancing,  and  at  a 
distance  of  2,000  feet  or  more,  considering  the  conditions  on  the  inside,  they 
pat  up  the  regular  Stromberg-Carlson  mine  phone.  A  man  is  then  stationed 
at  the  mine  phone  inside  the  mine,  the  helmet  crew  reporting  to  him  through 
the  small  portable  phone,  and  he  in  turn  giving  the  information  to  the  outside 
through  the  mine  phone.  We  have  had  good  success  iu  following  these  rules; 
we  have  lost  no  helmet  men  nor  had  any  untrained  men  Injured. 

P.  F.  L.Y3ICH.  The  greatest  dependence  could  be  placed  on  the  -miners  them- 
selves in  rescue  operations.  Do  not  allow  any  men  to  go  into  the  mine  unless 
tliey  are  experienced  miners.  With  good  leaders,  the  untrained  men  give  good 
KTviee: 

WiLUAM  Johnson.  The  greatest  difficulty  is  in  keeping  men  from  rushing 
into  the  mine  following  a  disaster.  Several  untrained  men  who  are  acquainted 
with  the  mines  can  be  used  to  advantage. 

On  motion  of  B.  J.  Matteson,  the  chairman  referred  the  subject, 
"  Outline  of  Procedure  Before  and  After  Entering  a  Mine  Following 
Explosions  or  Mine  Fires,'^  to  a  subcommittee  consisting  of  Messrs. 
Matteson,  Cunningham,  and  Raudenbush. 

DIBGTnSSIGB'  GIT  MAZIinjtf  BISTAKCE  CBEWS  SHOTTLI)  FBOGEED 
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J.  P.  Rbb8£.  In  saving  life  there  should  be  no  limit  to  distance. 

F.  W.  Cunningham.  Local  conditions  must  govern  the  distance  for  a  crew 
to  go  beyond  fresh  air. 

J.  P.  Reese.  I  am  In  £avor  of  establishing  a  margin  of  safety  rather  than  a 
limit  of  distance.  I  am  not  in  favor  of  establishing  a  limit  as  to  number  of  feet 
to  be  tra-veled. 

J.  F.  Meaghkb.  I  am  in  favor  of  a  limit  of  time  rather  than  of  distance. 

B.  J.  Mattzson.  If  birds  or  mice  go  down,  the  helmet  men  are  permitted  to 
go  only  2,000  feet.  If  there  is  any  possibility  of  there  being  any  men  alive 
budde  the  mine,  the  helmet  squad  is  made  up  of  eight  men.  In  this  case  the 
oxygen  supply  governs  the  advance  working. 

On  motion  of  F.  W.  Cunningham,  the  chairman  referred  the  sub- 
ject under  discussion  and  the  subject,  ^^Rest  Necessary  for  Rescue 
Men  and  Limit  of  Hours  of  Work,"  to  a  subcommittee  consisting  of 
Messrs.  Lynch,  German,  and  Zeller. 

On  motion  of  B.  J.  Matteson,  the  subject,  "  Cumulative  Effect  of 
Imbibing  Poisonous  Gases,"  and  the  subject,  '^Use  of  Stimulants," 
were  referred  back  to  the  general  conference  for  reference  to  the  com- 
mittee to  consider  the  physiological  effect  of  wearing  helmets. 
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PROCEEDINOS  OF  COMMITTEE  3  RELATIVE  TO  SAFETY 

LAMPS  AND  EliECTRIC  LAMPS. 

J.  T.  Ryan,  acting  as  secretary  by  appointment  of  the  chairman  of 
the  conference,  called  the  meeting  to  order  September  23  at  3  p.  m. 
Austin  King  was  elected  chairman.  The  members  are  mentioned  on 
page  12. 

The  chairman  suggested  that  the  committee  confine  its  discussion 
of  lamps  to  their  relation  to  mine-rescue  and  recovery  work.  He  then 
asked  for  an  expression  from  some  member  of  the  Bureau  of  Mines 
as  to  the  practice  of  the  bureau  regarding  the  use  of  lamps  in  rescue 
work. 

J.  T.  Ryan.  The  bureau's  men  are  equipped  with  Wolff  safety  lanii)s,  portable 
Hubbel  electric  lamps,  and  usually  carry  in  addition  a  hand  electric  flash-light. 
In  rescue  and  recovery  work  one  or  more  safety  lamps  are  carried  by  the  party 
to  test  for  explosive  gas,  except  where  the  party  is  going  to  enter  an  area  known 
to  have  an  explosive  or  extinctive  atmosphere. 

The  chairman  and  J.  P.  Bell  commented  on  this  practice  and  re- 
lated some  of  their  experiences  at  mine  disasters.  Both  were  of  the 
opinion  that  the  practice  of  carrying  both  types  of  lamp  was  a  good 
one,  but  Mr.  King  did  not  see  the  advantage  of  carrying  two  kinds 
of  electric  lamps.  He  thought  that  the  flash-light  would  be  sufficient 
on  account  of  its  penetrating  qualities.  In  reply  to  a  question  of 
H.  I.  Smith  as  to  how  a  man  would  hold  the  flash  lamp  when  work- 
ing, Mr.  King  demonstrated  a  method  of  fastening  the  lamp  on  top 
of  the  cap  by  means  of  rubber  bands  and  having  the  light  in  about 
the  same  position  as  the  Hirsch  electric  lamp. 

M.  C.  McHugh,  in  describing  his  experience  in  the  use  of  lamps 
after  mine  disasters,  stated  that  he  had  usually  found  a  mixture  of 
lamps  at  a  mine  disaster,  and  that  he  believed  that  electric  lamps 
should  not  be  used  in  recovery  work,  preferring  only  safety  lamps. 

H.  H.  Clark  expressed  his  opinion  on  the  safety  of  the  different 
types  of  electric  lamps  that  are  in  use  in  the  mines.  He  briefly  out- 
lined the  tests  made  of  electric  lamps  by  the  Bureau  of  Mines  and 
called  attention  to  Technical  Paper  23,  "  Ignition  of  Gas  by  Minia- 
ture Electric  Lamps  with  Tungsten  Filaments."  He  thought  it  im- 
possible to  obtain  from  an  ordinary  2  or  8  cell  flash-light  a  spark 
sufficient  to  ignite  gas. 

The  GHAniMAN.  Having  now  heard  from  the  committee  members,  I  saggest 
that  we  approve  the  practice  of  the  Bureau  of  Mines  and  that  there  should  be 
some  restrictions  on  the  promiscuous  use  of  safety  and  electric  lamps.  In  view 
of  the  fiict  tliat  we  are  restricted  In  this  State  by  law  to  the  use  of  certain  ap- 
proved safety  lamps  that  liave  been  subjected  to  tests  of  the  Bureau  of  Mines, 
and  as  the  bureau  is  also  making  tests  of  electric  lamps,  I  further  suggest  that 
we  recommend  a  list  of  approved  lamps  similar  to  the  list  of  permissible  ex- 
plosives. 

J.  T.  Rtan.  I  don*t  know  whether  this  committee  is  simply  to  discuss  the  use 
of  safety  lamps  and  electric  lamps  or  not    I  think,  however,  that  we  should 
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take  some  action  refcarding  the  use  of  open  lights  In  mines  after  explosions  or 
fires  and  I  suggest  a  resolntion  that  no  open  lights  be  used  in  mines  during 
rescue  or  recovery  work. 

Considerable  discussion  followed,  and  all  members  were  of  the 
opinion  that  no  open  lights  should  be  allowed  in  a  mine  after  an  ex- 
plosion or  fire.  The  chairman  and  J.  P.  Bell  stated  that  this  was 
oniyersally  understood,  and  asked  if  the  bureau  had  the  experience  of 
being  called  to  the  scene  of  a  mine  disaster  where  open  lights  were 
being  used.  Mr.  Byan  related  several  instances  where  the  difficulty 
had  been  encountered,  and  J.  W.  Paul,  who  came  in  at  this  point, 
called  their  attention  to  an  explosion  in  the  Middle  West  that  hap- 
pened in  a  mine  where  gas  had  never  been  found  before  and  where, 
after  an  explosion  had  occurred,  three  different  parties  went  in  at 
btervals  with  open  lights  and  ignited  the  gas  and  caused  an  ex- 
plosion each  time.  H.  I.  Smith,  who  had  visited  the  mine  a  few  days 
after,  gave  a  full  account  of  this  explosion.  Messrs.  King,  Bell,  and 
McHugh  emphasized  the  importance  of  using  safety  lamps  in  con- 
trolling mine  fires  in  so-called  nongaseous  mines  and  pointed  out  the 
danger  of  using  open  lights.  They  related  from  personal  experience 
instances  of  explosions  caused  by  open  lights  in  fighting  mine  fires. 

Mr.  Eang  then  pointed  out  the  danger  from  open  lights  in  a  mine 
where  Uie  coal  dust  was  very  inflanmiable,  and  told  of  a  mine  in  West 
Virginia  where  his  son  was  mine  foreman,  and  where  two  men  load- 
ing coal  at  a  working  face  had  on  three  different  occasions  ignited 
dust  with  the  flame  of  their  torches  and  caused  local  explosions. 
On  one  occasion  his  son  examined  the  place  carefully  for  gas  and 
found  no  evidence  of  gas  on  the  safety  lamp,  and  he  then  watched 
the  m^i  at  wc^rk  and  stayed  long  enough  to  witness  the  ignition  of 
the  dust. 

Mr.  Paul  stated  that  he  had  also  seen  the  dust  ignited  at  this  mine 
tipple. 

^ir.  King  had  known  the  dust  to  be  ignited  by  a  torch  at  the  tipple 
of  another  mine  while  coal  was  being  prepared. 

Mr.'  Ryan  moved  that  the  committee  recommend  that  in  mine- 
rescue  and  recovery  work  no  open  lights  be  used.  The  motion  was 
seconded  and  passed  without  a  dissenting  vote. 

The  Chauihan.  I  suggest  putting  the  results  of  our  discussion  in  the  form  of 
recommendations,  and  I  shall  name  a  subcommittee,  which  can  meet  In  the 
morning  and  draft  the  recommendationB,  to  be  passed  upon  later  by  the  entire 
committee.  I  name  as  members  on  this  subcommittee  Mr.  Clarlc,  of  the  Bureau 
of  Mines,  who  is  familiar  with  the  electric  lamps  and  has  conducted  tests  on 
them ;  Mr.  Bell,  who  is  a  Pennsylvania  State  mine  inspector,  and  who  is  very 
familiar  with  the  use  of  the  safety  lamp;  and  Mr.  Ryan,  of  the  Bureau  of 
Mines,  who  has  had  experience  in  rescue  and  recovery  worls  and  in  testing 
safety  lamps. 
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At  the  adjourned  meeting  of  the  committee  on  September  24  all 
members  present  agreed  that  wherever  possible  both  electric  lamps 
and  safety  lamps  should  be  used  in  rescue  and  recovery  work  and 
that  recommendations  should  be  made  defining  the  limits  in  which 
they  should  be  used  by  parties  equipped  with  breathing  apparatus 
and  by  those  not  wearing  breathing  apparatus. 

Mr.  Clark  then  proposed  that  the  committee  consider  first  electric 
lamps,  and  recomtmend  to  what  extent  they  should  be  used  alone,  if 
at  all,  by  men  without  breathing  apparatus  and  also  by  men  equipped 
with  breathing  apparatus.  Mr.  Clark  also  proposed  that  the  c<Mn- 
mittee  should  consider  also  the  use  of  safety  lamps  in  the  same 
manner. 

Mr.  Bell  thought  that  both  electric  and  safety  lamps  should  be 
carried  by  a  rescue  party  on  all  occasions.  Mr.  Ryan  objected  to  this 
recommendation,  stating  that  oftentimes  a  rescue  party  would  attempt 
to  explore  an  area  in  which  there  was  known  to  be  an  explosive  mix- 
ture of  gas  or  an  extinctive  atmosphere^  or  would  explore  an  area 
(as  a  sealed  section)  where  from  the  start  of  the  exploration  work 
there  would  be  an  explosive  atmosphere.  In  that  case  there  would 
not  be  any  use  in  carrying  a  safety  lamp,  and  in  the  former  case, 
where  an  explosive  atmosphere  would  be  almost  sure  to  be  encoun- 
tered, a  safety  lamp  might  be  a  source  of  danger  and  in  any  case 
would  require  careful  watching,  and  if  gas  was  found  in  dangerous 
quantities  the  lamp  would  have  to  be  extinguished  to  proceed  with 
safety. 

Mr.  Bell  thought  that  the  leader  of  the  party  should  carry  a  safety 
lamp  unless  the  conditions  were  such  that  it  would  be  useless  from 
the  start.  Otherwise  the  leader  should  carry  a  safety  lamp  and 
devote  all  his  attention  to  his  lamp ;  if  the  lamp  showed  the  presence 
of  gas  it  could  then  be  extinguished. 

Mr.  Lewis  thought  that  this  was  a  good  suggestion,  and  stated 
that  this  had  been  about  the  practice  carried  out  at  several  disasters 
in  which  he  had  assisted  in  the  rescue  work. 

The  committee  then  adjourned. 

PROCEEDINGS  OF  COMMITTEE  4  REIiATIVB  TO  FIRST- 
AID  METHODS. 

E.  B.  Sutton,  acting  as  secretary  by  appointment  by  the  chair- 
man of  the  conference,  called  the  meeting  to  order  September  23, 
at  3  p.  m.   Dr.  W.  S.  Eountree  was  elected  chairman. 

Dr.  J.  W.  Kennihan.  We  use  in  our  first-aid  work  the  Sylvester  method 
except  for  broken  arms,  also  except  in  cases  of  severe  injuries  to  the  chest. 

Dr.  J.  W.  Pabshall.  We  use  the  Sylvester  method. 

Dr.  R.  F.  McHenry.  Regarding  the  Sylvester  method,  this  is  the  best  method 
of  artificial  respiration,  provided  there  is  no  injury  to  interfere.  It  is  my 
opinion  that  it  ia 
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Dr.  M.  J.  SH1XLD8.  In  Europe,  I  understaud,  und  some  mines  in  this  country 
file  Schaefer  method  is  preferred.  Personally  I  am  partial  to  the  Sylvester 
method,  as  is  also  MaJ.  Charles  Lynch,  who  is  head  of  the  Red  Gross  depart- 
ment I  represoit.  The  one  chief  objection  to  the  Sylvester  method,  it  seems 
to  me,  is  the  difficulty  of  getting  out  the  tongue  and  holding  it  out  If  there 
is  only  one  man  using  the  Sylvester  method.  This  feature  is  troublesome.  I 
liave  a  way  of  getting  out  the  tongue  that  I  think  can  be  handled  by  one  man 
succeesfally.  It  consists  of  passing  a  cloth  around  the  tongue  and  under  the 
chin  and  tying  it  bacl^  of  the  neck. 

Of  course,  in  the  Scliaefer  method  you  do  not  have  to  hold  out  the  tongue, 
but  I  do  not  think  tliat  you  get  the  atmospheric  pressure  as  directly  that  way 
as  you  do  when  the  man  is  lying  on  his  back.  In  the  first  national  mine- 
safety  demonstration  a  year  ago  we  liad  an  event  in  which  a  man  was  sup- 
posed to  be  burned  on  the  face  by  electricity,  and  it  was  suggested  that  the 
Schsefer  method  be  used  on  account  of  the  back  bums.  I  noted  a  number  of 
the  subjects  when  they  got  up  had  their  mouths  full  of  mud,  showing  that 
tlielr  faces  had  been  buried  in  it.  You  can  readily  see  that  you  could  not  get 
oxygen  into  the  lungs  with  the  mouth  full  of  dirt. 

W.  D.  Roberts.  I  suggest  using  this  method:  Place  the  center  of  the  band- 
age on  the  tongue,  pass  the  bandage  around  and  cross  under  the  chin,  then 
pass  these  ends  up  in  front  of  the  ears  and  tie  on  top  of  the  head. 

I>r.  M.  J.  Shields.  Tying  a  bandage  around  the  neck  pulls  the  jaw  down. 

Dr.  A.  F.  Knoeexl.  The  Jaw  can  be  held  as  in  giving  an  anesthetic. 

Dr.  J.  W.  Kennihan.  I  would  say  with  Dr.  Knoefel  that  in  giving  an  anes- 
thetic a  man  never  ties  the  tongue;  and  if  he  holds  the  jaw  the  patient  will 
never  swallow  the  tongue. 

Dr.  M.  J.  Shields.  He  could  not  pump  the  arms  and  hold  the  Jaw  at  the 
same  time. 

I>r.  R.  F.  McHerby.  Would  it  do  any  harm  to  the  patient  in  case  of  con- 
striction of  the  muscles? 

I>r.  J.  W.  Kennihan.  I  do  not  think  you  have  the  constriction  long  enough. 
If  your  man  starts  to  breathe  you  are  through. 

W.  D.  RoBEBTs.  Suppose  a  man  works  several  hours  on  a  patient. 

Dr.  M.  J.  Shields.  Artificial  resuscitation  lias  been  used  with  a  patient  two 
boar&  [^rr.  Shields  then  read  Dr.  Wlngwright's  letter  stating  that  four  men 
had  been  resuscitated  by  the  Sylvester  method,  the  tongue  being  tied.]  In  recom- 
mending the  adoption  of  a  preferred  method  it  might  be  provided  that  in  con- 
tests either  the  Sylvester  or  the  Schaefer  method,  if  used  correctly,  should 
receive  the  same  merit 

R.  B.  Moss.  To  straighten  out  these  diflPerences  some  standard  method 
sboold  be  adopted  which  will  be  given  to  the  miners  all  over  the  United  States, 
so  that  there  will  be  one  method  agreed  upon  as  a  basis  of  judging. 

Dr.  A.  F.  Knoefel.  We  as  a  committee  decide  upon  and  introduce  a  lesolu- 
tlon  to  the  joint  assembly,  and  the  joint  assembly  either  accepts  or  rejects  it 
If  we  recommend  a  method  for  producing  artificial  respiration,  they  can  either 
adopt  or  reject  it 

Dr.  M.  J.  Shields.  The  anthracite  oompanies  north  of  Wilkes-Barre  agree 
tliat  the  correct  use  of  either  the  roller  or  the  triangular  bandage  should  be 
given  the  same  credit.  Still  there  is  a  point,  I  think,  that  the  triangular  band- 
age is  more  practical.  Of  course  the  time  would  be  an  element  I  think  that 
a  dislocation  of  the  shoulder  should  be  treated  with  a  triangular  bandage  and 
that  the  dislocation  of  hips  shouM  be  treated  with  splints. 

Dr.  A,  F.  Knoefel.  In  a  dislocation  of  the  shoulder,  no  matter  whether  for- 
ward,  downward,  backward,  or  upward,  the  first-aid  man  should  put  the  shoul- 
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der  in  the  position  in  wliich  it  gives  the  patient  tlie  least  pain.  I  suggest  pad- 
ding undemeatb  with  waste,  clothes,  or  anything,  and  then  applying  the  triangu- 
lar bandage  as  a  sling  to  hold  it  in  best  possible  position.  As  for  dislocation 
of  the  hip,  I  think  it  wrong  for  the  first-aid  man  to  attempt  to  reduce  the  dislo- 
cation, unless  he  knows  that  he  can  not  get  a  doctor  within  6  or  8  hours. 

Dr.  R.  F.  McHenby.  The  injuries  should  be  fixed  on  the  line  of  deformity. 
We  teach  our  first-aid  men  to  take  the  weight  off  the  dislocated  shoulder  and 
to  support  it  by  bandaging.  A  i^lint  could  not  always  be  put  on  a  dis- 
located hip. 

The  Chaibhan.  We  have  quite  a  number  of  dislocations  of  the  shoulder  and 
hip  and  we  never  teach  our  men  to  reduce  a  dislocation  because  he  will  brins 
more  pressure  to  bear  and  in  some  manner  often  rupture  ligamaits.  We  teacli 
our  men  to  take  their  Jumpers  and  make  a  pad,  and  the  bandage  is  brought 
around  the  body  and  tied  in  such  a  manner  that  the  patient  can  not  move  his 
shoulder.  In  dislocation  of  the  hip  Joint,  we  put  the  patient  in  any  convenient 
position,  and  the  first-aid  men  are  taught  to  place  that  limb,  whatever  position 
the  patient  may  be  in.  They  are  also  taught  to  place  the  splint  from  the  back 
down  to  the  heel,  and  to  use  a  bandage  in  securing  the  splint,  as  by  so  doing 
the  patient  can  be  transported  many  miles  without  further  injury.  The  main 
point  is  to  make  him  as  comfortable  as  possible. 

Dr.  J.  W.  Pabshall.  It  seems  to  be  the  consensus  of  the  meeting  that  a  dis- 
located leg  or  arm  should  be  put  in  the  position  most  comfortable  to  the  patient. 

Dr.  R.  F.  McHenbt.  The  points  to  be  remembered  in  treating  a  broken  back 
are,  first,  to  take  off  the  weight  of  the  upper  extremities ;  second,  to  prevent  the 
dragging  of  the  lower  extremities;  and,  third,  to  fix  the  spinal  column  so  that 
there  is  no  motion  in  transportation.  We  use  an  improvised  stretcher  aboat 
di  feet  long,  with  a  space  between  parallel  pieces  of  about  5  inches. 

Dr.  M.  J.  Shields.  The  apparatus  that  Mr.  McHenry  presented  at  Greensburg 
on  August  17  was  one  of  the  most  practical  things  I  had  ever  seen. 

Jesse  Henson.  It  had  been  the  practice  of  first-aid  miners  of  the  Bureau  of 
Mines  in  treating  a  broken  back  to  use  two  long  splints  and  lay  the  patient 
straight  on  his  back,  but  while  in  Rock  Springs  I  learned  through  a  physician 
there  of  a  man  who  had  broken  his  back  and  who  had  a  kink  in  it.  Had  their 
treatment  been  used  there  the  man  would  probably  have  died,  as  the  physician 
pointed  out  that  when  a  man  is  found  with  a  broken  back  you  should  put  him  in 
the  position  you  find  him,  as  with  a  dislocated  hip  or  shoulder. 

Dr.  A.  F.  Knoefel.  Straightening  a  patient  out  is  in  some  instances  likely  to 
cause  a  most  serious  injury.  The  first-aid  men  should  merely  pad  the  back, 
supporting  the  man  in  the  position  in  which  he  is  found,  and  Wait  for  a  physi- 
cian, and  let  him  take  the  responsibility  of  moving  the  patient 

Dr.  R.  F.  McHbney.  The  object  of  this  splint  is  that  it  will  with  care  meet 
the  majority  of  cases  of  broken  backs.  A  first-aid  man  would  be  very  foolish 
if,  on  finding  a  man  in  a  semiprone  position,  he  should  straighten  him  out  In 
such  a  case  it  is  best  to  fix  the  body  or  spine  in  the  line  of  deformity.  In  the 
majority  of  cases,  however,  broken  backs  are  due  to  falls  of  rock,  and  should 
the  man  be  found  straight  splints  can  be  used. 

The  Chaibhan.  My  company  has  a  x^imber  of  cases  of  broken  backs  and  they 
are  handled  with  the  patient  left  in  the  line  of  deformity.  The  company  has 
long  since  adopted  this  method  of  splint,  and  the  Bureau  of  Mines  has  the  same 
thing,  namely,  two  parallel  bars  with  two  pieces  across  them,  and  it  seems  to 
be  an  ideal  splint  for  an  injury  when  the  man  Is  stretched  out. 

Athebton  Bow  en.  I  would  suggest  Just  placing  a  patient  with  a  broken  back 
on  a  padded  stretcher,  possibly  securing  him  to  it  with  bandages,  and  taking 
him  to  the  hospital  without  splints. 
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Dr.  M.  J.  Shields.  I  recommend  taking  two  ordinary  mine  blankets  and 
rolllDg  them  up  rattier  tightly,  lajrlng  them  parallel  on  the  stretcher,  so  that 
the  blankets  are  directly  under  the  hollow  of  the  Injured  man's  back;  that 
would  take  the  pressure  off  the  spine. 

G.  O.  HoBEBTS.  There  has  been  some  discussion  as  to  whether  It  is  proper  to 
lift  a  man  with  a  broken  back  onto  the  stretcher  or  roll  him  onto  It  I  have 
always  advocated  lifting  him,  placing  the  hands  as  near  to  the  fracture  as 
you  can.    If  you  roll  him,  one  side  would  be  apt  to  roll  more  than  the  other. 

Athebion  Bowen.  I  have  personally  never  seen  a  case  of  brok^i  back,  but 
have  seen  several  methods  In  first-aid  practice.  One  was  to  take  an  ordinary 
mine  blanket  and  carefully  work  It  up  under  the  body  by  moving  it  slightly 
back  and  forth.  Another  was,  if  the  man  had  a  coat  on,  to  roll  the  coat  up 
from  the  sides  and  pass  two  triangular  bandages,  each  folded  twice,  under 
the  l^s;  then  by  means  of  the  coat  and  bandages  lift  the  patient  and  place 
him  on  the  splints  or  stretcher. 

Dr.  M.  J.  Shields.  It  would  d^[)end  on  the  position  in  which  the  man  was 
found. 

Dr.  B.  F.  McHenby.  I  am  in  favor  of  lifting  a  man.  I  think  it  very  serious 
to  roll  a  man  with  a  broken  back. 

Dr.  A.  F.  Knoefel.  There  are  two  ways  in  which  this  injury  may  be  received, 
either  by  slate  falling  from  the  roof,  bending  him  down  and  doubling  him  up 
like  a  Jackknlfe,  or  by  a  direct  fall  on  the  spinal  column.  No  matter  in  what 
position  the  patient  is  found  I  think  it  better  to  lift  him  than  to  roll  him. 

The  Chaibman.  In  some  cases  in  our  mines  they  rolled  the  man  on  to  the 
stretcher. 

G.  O.  BoBEBTs.  The  Bureau  of  Mines  uses  three  men  on  one  side  and  an 
extra  man.  One  man  places  his  hands  above  the  fracture,  one  below  the 
fracture,  and  the  other  man  raises  the  man's  feet 

Dr.  J.  H.  Young.  The  rule  we  use  in  regard  to  the  length  of  the  splint  to  be 
applied  to  limbs  is  to  take  splints  long  enough  to  go  above  the  Joint  above  the 
fracture. 

Dr.  A.  F.  Kkoefel.  In  the  treatment  of  all  fractures  of  long  bones,  it  is 
necessary  to  ^Int  at  the  immediate  fracture,  including  the  Joint  above  and 
below,  so  that  you  get  a  complete  fixation  of  the  bone  or  bones  involved.  If 
there  Is  a  fracture  of  the  tibia,  splints  long  enough  to  include  the  ankle  and 
the  knee  should  be  applied.  If  I  have  to  treat  a  fracture  of  the  forearm,  I 
find  that  by  appljring  a  right-angle  splint,  the  patient  can  be  transported  better. 

Dr.  J.  W.  Keitnihan.  I  think  it  better  in  case  of  simple  forearm  fracture 
not  to  splint  it  at  all,  but  merely  to  bandage  it 

C.  O.  RoBEBTS.  I  do  not  know  whether  that  would  be  practical  in  mines,  on 
account  of  the  narrowness  of  some  of  the  entries  and  on  account  of  difficulty 
of  traiuq;)ortation. 

Dr.  M.  J.  Shields.  In  case  of  break  between  wrist  and  elbow  it  is  the  policy 
of  the  Lackawanna  Bailroad  m^ely  to  apply  a  splint  on  the  outside  from  the 
fingers  to  the  tibow. 

Dr.  R.  F.  McHenbt.  In  putting  a  long  splint  on  the  forearm  it  is  possible 
to  create  a  compound  fracture  out  of  a  simple  fracture.  I  thought  the  question 
referred  merely  to  the  fracture  of  the  leg. 

Dr.  ML  J.  Shields.  Would  it  not  simplify  the  matter  if  we  recommend  that 
splinU  for  the  thigh  be  4)  feet  long,  4  hiches  wide,  and  i  inch  thick,  and  that 
splints  for  the  lower  part  of  the  leg  be  about  30  inches  long,  4i  inches  wide,  and 
i  inch  thick? 
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T.  B.  DiLTS.  I  move  tliat  this  quefltlon  apply  only  to  the  lower  limbs,  and 
that  if  anyone  wants  to  make  a  new  motion  in  r^^rd  to  bandaging  the  arm 
he  should  do  so. 

The  motion  was  seconded  and  passed. 

'  Dr.  R.  F,  MoHbnbt.  I  am  very  much  in  favor  of  splints,  as  laid  down  by 
Dr.  Shields  in  his  book,  for  arm  and  forearm.  It  suits  my  work  better  than 
anything  else. 

Dr.  M.  J.  Shisids.  I  do  not  believe  in  spending  too  mych  time  In  making 
diagnosis.    Give  the  man  the  benefit  of  the  doubt  and  put  on  splinta 

Dr.  R.  F.  McHbnbt.  First-aid  men  should  be  taught  the  application  of  roller 
bandages,  because  there  are  dressings  that  can  be  done  with  roller  bandages 
that  can  not  be  done  with  triangular  bandages.  I  think  the  question  should  be 
discussed  fully;  that  this  committee  should  be  very  careful  in  going  on  record, 
and  should  avoid  misunderstandings  or  wrong  deductions. 

Dr.  A.  F.  Knoefex.  The  resolution  says  *'  in  preference/'  and  I  still  say  that 
it  should  be  used  in  preference.  That  does  not  eliminate  the  roller  bandage. 
The  roller  bandage  will  not  stay  In  position  unless  applied  by  some  one  proficient 
in  its  use.  It  is  often  wrapped  too  tight  when,  like  a  string  tied  tightly  around 
a  man's  finger,  it  Is  a  hindrance  to  circulation.  The  triangular  bandage, 
although  a  less  sightly  dressing,  is  easily  applied  so  it  will  stick. 

Dr.  M.  J.  Shiexds.  The  men  generally  tie  the  roller  bandage  too  tight  in  order 
to  make  It  stick 

Dr.  J.  W.  Kennihak.  I  think  that  first-aid  men  should  not  wash  a  wound. 

Dr.  M.  J.  Shields.  Usually  the  man  has  no  facilities  for  getting  sterile 
water,  and  he  will  likely  put  in  more  dirt  on  account  of  his  hands  being  dirty 
than  he  would  get  out.  I  think  that  we  should  discourage  the  idea  of  so  exten- 
sive a  use  of  peroxide.  I  think  If  you  are  going  to  clean  a  wound  that  gasoline 
is  a  good  deal  better  than  peroxide  and  it  is  antiseptic. 

Dr.  W.  D.  RicHABDS.  We  never  teach  men  to  wash  the  wound.  If  left  alone 
the  blood  will  coagulate  and  will  form  a  protective  cover  in  a  way.  In  case 
foreign  bodies  enter  and  are  very  large,  he  may  push  them  out  of  the  way,  pro- 
vided he  does  not  touch  the  wound.  When  the  imtient  reaches  the  hospital,  we 
use  gasoline  with  about  5  or  10  jier  cent  of  iodine,  which  makes  a  most  excellent 
antiseptic  to  use  in  those  injuries. 

Dr.  R.  F.  McHenbt.  Just  one  word  about  peroxide.  I  think  particular 
attention  should  be  given  to  this.  The  blood  clot  is  a  protection  and  when 
you  apply  peroxide  you  dissolve  the  blood  dot  and  open  the  wound,  which 
makes  it  more  liable  to  infection. 

Dr.  J.  H.  Young.  I  think  this  committee  ought  to  go  on  record  strongly 
against  the  use  of  applying  a  chew  of  tobacco  to  a  wound.  [Cited  a  case  of  a 
woman  receiving  erysipelas  from  her  son.] 

Dr.  W.  D.  Richards.  I  move  that  we  condemn  the  application  to  a  wound 
of  any  foreign  substance,  other  than  a  sterile  substance. 

The  Chaibman.  In  Dr.  Shlelds's  book,  which  we  referred  to  a  while  ago, 
there  are  two  opposite  statements  In  one  place  he  states  you  must  move 
head  first,  and  In  another  case  in  similar  circumstances  he  states  you  must 
move  feet  first    I  believe  that  a  man  ought  to  be  carried  feet  first 

Dr.  R.  F.  MgHenby.  If  you  are  carrying  a  man  who  is  suffering  from  shock 
and  who  has  a  tendency  to  faint,  you  want  to  carry  him  so  as  to  get  as 
much  blood  to  his  head  as  possible.  If  he  had  an  injury  in  the  head  you 
should  do  exactly  the  opposite. 

R.  B.  Moss.  It  seems  that  there  has  been  some  discussion  in  our  part  of 
the  State  about  what  to  do  first  for  a  man  suffering  from  electric  contact, 
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and  most  instructors  h&ve  been  teadilng  flrst-ald  men  to  insulate  tiiemselves 
before  trying  to  take  care  of  the  patient. 

Athebtoh  Bowen.  I  think  that  the  current  should  be  either  cut  off  or  short- 
circuited  first,  if  possible;  if  this  is  not  possible,  then  insulate  yourself  and 
remove  the  patient  from  the  body  that  carries  the  current,  or  remove  the  body 
that  carries  the  current  from  the  patient. 

C.  O.  RoBEBTS.  After  you  have  rescued  the  man  from  the  wire,  is  it  proper 
to  dress  the  wound  or  try  to  save  the  man's  life?  I  claim  that  the  most 
important  thing  to  do  is  to  revive  him,  get  him  back  to  consciousness. 

Dr.  R.  F.  McHenbt.  One  of  the  main  points  is  to  lay  something  between  the 
patient's  wound  and  the  ground. 

T.  B.  DiLTs.  We  are  considering  the  case  of  a  man  who  has  been  shocked 
with  electricity  so  that  he  is  insensible.  The  question  is  whether  we  are  to 
take  care  of  the  bum  first  or  revive  him  first. 

The  Chaibhan.  In  case  a  man  gets  his  arm  lacerated  in  a  machine,  the  first 
thing  to  do  is  to  put  your  finger  over  the  artery  or  use  a  tourniquet,  which 
atops  the  flow  of  blood,  and  In  this  manner  you  will  be  able  to  save  his  life. 
I  therefore  believe  that  In  electric  shock,  when  a  man  is  insensible,  you  should 
first  attempt  to  revive  him  by  artificial  respiration  before  dressing  the  wound. 

Dr.  H.  F.  McHenbt.  I  do  not  advocate  wasting  time  with  dressing  a  wound. 
By  the  time  the  man  is  removed  from  the  wire  somebody  has  a  pad.  underneath 
hhn. 

Athebion  Bowen.  From  which  side  should  the  first-aid  corps  handle  the 
patient?  For  instance,  in  a  compound  fracture  of  the  thigh,  after  splinting 
him,  should  the  men  work  on  the  injured  or  uninjured  side  in  putting  him  on 
the  stretcher? 

Dr.  J.  W.  Kennihan.  The  first-aid  men  should  be  on  the  uninjured  side. 

W.  D.  RoBEBTs.  If  a  man  Is  injured  on  the  right  side  he  should  be  handled  by 
the  corps  on  that  side,  because  when  they  raise  a  man  in  placing  him  on  the 
stretcher  the  side  away  from  the  men  lifting  will  fall  a  little.  I  say  that  the 
injured  side  should  be  next  to  the  men  lifting  the  patient 

R.  B.  Moss.  The  American  Red  Cross  recommeids  that  the  patient  be  handled 
next  to  the  wound  and  that  the  stretcher  be  placed  closest  to  the  wounded  part. 

The  Chaibhan.  If  this  organization  goes  through  there  ought  to  be  uniformity 
in  the  methods  used  in  the  United  States;  when  Indiana  meets  Pennsylvania, 
when  Temessee  meets  Colorado,  they  should  all  use  the  same  methods  of 
dressing. 

Dr.  R.  F.  McHenby.  My  idea  is  to  allow  the  first-aid  men  after  any  contest 
to  demonstrate  any  new  devices  they  may  have  developed,  and  to  have  these 
devices  passed  on  by  a  board  of  censors  and  accepted  or  rejected.  This  course 
will  stop  taking  on  first-aid  features  that  are  practically  experimental. 

The  Chaibhan.  I  recommend  that  an  organization  be  formed  and  that  this 
organization  be  the  arbitrators  of  dressings  to  be  used  in  first-aid  contests. 

R.  B.  Moss.  I  move  that  if  this  organization  is  perfected  we  recommend  a 
committee  of  seven  persons,  consisting  of  two  first-aid  men,  two  operators,  two 
physicians,  and  one  representative  of  the  Bureau  of  Mines,  to  act  as  an  advisory 
board  or  executive  board,  that  any  time  any  new  dressings  are  brought  forth 
at  these  contests  they  be  turned  over  to  this  advisory  board  for  an  opinion  as 
to  whetlier  or  not  they  should  be  used  by  first-aid  men. 

PR0CEBDIN08  OF  JOINT  MEETING  OF  COMMITTEES  5, 

e,  AND  7. 

J.  J.  Butledge,  acting  as  secretary  by  appointment  of  the  chairman 
of  the  conference,  called  the  meeting  to  order  September  24  at  9.40 


40  KATIOKAL  MINE-RESCUE  AND  FIBST-AID  CONFEBENCE. 

a.  m.  Dr.  M.  J.  Shields  was  elected  chairman.  The  members  are 
mentioned  on  page  12. 

Dr.  G.  H.  Halberstadt  discussed  the  death  rate  before  and  since  the 
establishment  of  first-aid  work,  stating,  among  other  things,  that 
in  1911  11,000,000  tons  of  coal  was  mined,  and  that  there  were  82 
deaths — 1  death  to  144,000  tons;  that  the  Philadelphia  &  Beading 
Eailroad  Co.  was  the  first  company  to  take  up  the  organization  of 
mine  first-aid  corps,  starting  with  400  men;  that  carron  oil  is  no 
longer  used  for  dressing  burns,  gauze  saturated  with  a  2  per  cent 
solution  of  picric  acid  being  at  present  used ;  that  the  dressing  oitexi 
remains  on  for  48  hours. 

Dr.  Halberstadt  cited  the  case  of  a  man  who  had  been  injured  in  a 
railroad  yard.  When  the  patient,  who  had  been  meanwhile  treated 
by  a  doctor,  arrived  at  the  hospital  Dr.  Halberstadt  found  it  was  not 
possible  to  operate  on  him  even  after  working  upon  him  for  48 
hours.  Identically  the  same  accident  happened  at  a  mine  and  was 
treated  by  a  first-aid  man.  There  was  no  loss  of  blood  and  the  pa- 
tient was  successfully  operated  upon  at  the  hospital,  as  the  shock  had 
been  properly  treated  previous  to  reaching  the  hospital. 

Dr.  Halberstadt  said  further  that  the  trouble  with  doctors  is  that 
they  do  not  have  the  appliances  at  hand  to  treat  sudi  an  injury,  or 
they  think  it  is  a  case  to  be  treated  in  transit,  and  so  handle  it.  He 
stated  that  in  the  first-aid  work  in  his  field  the  appliances  are  well 
placed  and  the  first-aid  work  well  done;  that  treatment  is  free  and 
that  indemnity  is  paid  during  certain  loss  of  time. 

Dr.  J.  W.  Pabshall.  The  Frick  Ck>inpany  makes  payments  to  mea  while  In 
the  hospital ;  also  so  much  indemnity  for  tl^e  loss  of  an  eye,  a  limb,  etc. 

Dr.  Q.  H.  Halbebstaot.  We  keep  them  on  relief  for  six  months,  and  the 
company  has  been  paying  to  this  fund.  We  have  three  State  hospitals  and 
one  local  hospital  that  take  care  of  the  injured  men.  I  see  the  men  only  in 
case  they  are  very  seriously  injured,  when  I  may  be  sent  for  to  look  after 
the  casa 

The  Chairman.  I  think  that  we  have  two  things  to  discuss  here:  The  eco- 
nomic value  to  the  company  and  to  the  men  of  flrst-ald  training,  and  then  the 
topic  of  mine  hospitals,  in  regard  to  where  they  should  be  located,  etc.  I 
can  indorse  what  Dr.  Halberstadt  has  said,  as  it  has  been  my  experience  in 
the  upper  region.  I  have  a  number  of  hospital  reports  of  the  hospitals  in 
Scranton ;  also,  I  want  Dr.  Rountree,  of  the  Tennessee  Coal,  Iron  &  R.  R.  Co.  to 
quote  figures  that  were  given  out  by  them  about  two  years  ago.  I  assisted 
Dr.  Rountree  and  other  surgeons  in  organizing  first-aid  teams  in  1909,  when 
the  death  rate  was  about  one  man  for  every  90,000  tons  of  coal  mined.  The 
following  year  it  dropped  to  one  man  in  every  140,000  tons,  and  the  foUowing 
year  it  dropped  to  one  man  for  every  190,000  tons  of  coal  mined.  You  can  not 
attribute  all  of  that  to  first  aid,  but  first  aid  played  an  important  part  Per- 
haps 80  per  cent  of  the  accidents  that  happen  have  an  element  of  contributory 
negligence.  The  mere  agitation  regarding  accidents,  talking  about  them,  the 
introduction  of  first  aid,  gets  the  men  to  thinking  about  them,  makes  the  men 
more  careful  for  themselves,  and  they  warn  others,  and  also  gets  the  company 
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interested  In  making  the  mines  safer,  and  the  two  cooperating  with  each  other 
cnt  the  death  rate  down. 

Dr.  F.  L.  McKee.  Previous  to  nsing  flrst-aid  corps  it  has  been  difficult  to 
get  men  who  have  been  hnrt  to  report  to  the  mine  hospital  for  treatment 
Since  the  order  went  into  effect  to  report  to  hospital  for  treatment,  there  are 
only  about  half  the  number  of  men  drawing  fees  from  the  relief  fund  that 
did  before,  showing  that  many  men  feigned  illness.  In  connection  with  dress- 
ing wounds,  we  wash  all  our  wounds,  using  4-ounce  hard-rubber  syringes  and 
a  2  per  cent  solution  of  soluble  cresol.  The  only  two  cases  of  infection  that 
we  had  were  cases  that  did  not  report  to  the  hospital  to  have  their  wounds 
wadied. 

Dr.  W.  S.  RouNTBEB.  My  experience  has  been  somewhat  that  of  I>r.  Halber- 
stadt  I  will  say  that  in  the  past  few  years  since  we  have  first  aid  in  some 
of  our  mines,  our  death  rate  has  been  cut  down  very,  very  much,  far  more 
than  was  ever  expected,  and  the  percentage  of  infection  lower  than  ever 
dreamed  of.  The  wounds  of  our  men  are  dressed  when  they  come  from  the 
mine,  and  I  have  seen  only  few  infections  in  two  or  three  years  where  the 
flrst-aid  men  get  hold  of  the  men  soon  after  the  injury.  We  do  not  wash 
wonnda  We  do  not  allow  our  flrst-aid  men  to  wash  them.  If  a  flrst-aid 
man  hasn't  a  first-aid  box  near  him  when  an  injury  occurs,  he  simply  leaves 
the  wound  open,  bare,  rather  than  to  cover  it  with  a  piece  of  his  Jumper  or 
other  material  used  in  the  mine,  such  as  waste  or  brattice  doth.  They  don't 
put  tobacco  on  a  wound  any  more,  and  If  they  leave  the  wound  open,  nature 
soon  forms  a  dressing  with  blood  clots  and  it  seems  to  act  beneficially.  When 
we  surgeons  get  hold  of  a  patient  we  don't  probe,  don't  put  our  hands  in  the 
wounds,  never  attempt  to  get  inside.  In  other  words,  if  the  wound  is  covered 
with  dust  and  dirt  we  use  about  a  5  per  cent  solution  of  gasoline  and  iodine 
to  clean  it,  and  then  we  put  on  sterile  dressing.  When  the  wounds  are  treated 
in  this  way  we  very  seldom  have  infection,  and  as  a  result  the  wounds  seem 
to  heal  quickly,  and  it  is  not  very  long  before  the  man  is  back  at  his  work. 

Thoe  are  a  number  of  things  that  we  teach  the  flrst-aid  man  to  use  for 
buma  I  like  a  dressing  made  of  a  saturated  solution  of  bicarbonate  of  soda, 
it  seons  to  act  beautifally.  In  first  and  second  degree  bums  the  first-aid  man 
pats  on  a  sterile  dressing  saturated  with  a  solution  of  boradc  acid  or  bicar- 
bonate of  soda.  Fbr  thlrd-d^ree  bums  we  use  the  old  fashioned  balsam, 
which  makes  a  very  nice  dressing,  but  is  somewhat  painful. 

I  believe  that  it  is  a  wrong  idea  to  allow  first^id  m&a.  to  wash  a  wound. 
Dr.  Murphy,  of  Chicago,  a  surgeon  of  wide  experloice,  says  that  he  finds  it 
best  to  never  probe  or  fuss  with  a  wound,  that  his  success  in  treating  injuries 
bas  been  remarkable,  and  that  this  view  Up  confirmed  by  other  experienced 
siirgeons. 

Concerning  electric  shock:  When  men  suffer  little  or  no  shock  the  first-aid 
man  is  taught  to  give  aromatic  spirits  of  ammonia.  In  the  long-ago,  before 
first  aid  was  introduced,  whisky  was  a  popular  remedy  and  a  very  poor  one, 
as  it  has  a  tendency  to  increase  shock.  The  percentage  of  deaths  has  been 
cut  down  very  greatly  in  the  past  five  years,  so  that  it  is  no  doubt  of  great 
economic  value  to  the  companies  to  have  first  aid  in  their  mines,  mills,  etc., 
and  certainly  it  is  of  great  benefit  and  help  to  the  surgeon  in  charge.  When 
we  can  get  hold  of  a  man  who  has  been  injured  and  later  dressed  by  first-aid 
man  we  feel  pretty  sure  that  the  fellow  is  going  to  return  to  his  work  soon. 
However,  no  matter  how  beautifully  a  man  is  dressed  by  his  fellow  workman 
it  is  the  surgeon's  duty  to  open  the  dressing  and  inspect  the  wound,  so  that 
if  anything  has  been  done  wrong  he  may  be  able  to  correct  It  before  any  damage 
bas  been  dona 
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R.  B.  MosB.  I  would  like  to  ask  Dr.  Bountree  whether  or  not  they  find  it  ad- 
visable  to  wash  a  wound  that  has  been  caused  by  a  man  goinir  back  on  a  shot. 
In  the  Koitucky  coal  fields  we  have  quite  a  bit  of  solid  shooting  coal,  and  micli 
accidents  are  common.  Getting  pitted  with  coal  and  dirt  leaves  a  horrible- 
looking  face  on  a  man.  I  would  like  to  hear  this  matter  discussed,  whether 
it  would  be  advisable  to  wash  such  wounds  or  not. 

J.  J.  RuTLEDGE.  I  was  giveu  the  circumstances  of  such  an  accident  by  a  super- 
intendent of  a  big  coal  company  in  the  State  of  Washington.  The  general 
manager,  the  superintendent,  and  some  of  the  foremen  went  into  the  mine  and 
walked  up  on  a  shot.  The  first  man  in  the  party  was  killed,  the  others  injured* 
The  man  most  severely  injured  kindly  allowed  us  to  examine  him,  and  there 
were  107  punctures  of  the  skin,  and  in  some  of  them  I  could  see  particles 
through  the  skin  as  large  as  the  end  of  my  tluimb.  He  said  he  wasn't  washed 
at  all.  The  man  had  absolutely  perfect  use  <rf  his  limbo,  his  functions  seemed 
to  be  all  right,  and  his  condition  splendid.  It  was  a  remarkable  accident  and 
an  exception. 

Dr.  W.  S.  R0UNTB8E.  We  have  quite  a  number  of  injuries  in  our  mining  dis- 
trict of  this  sort.  Long  ago  men  whose  faces  were  blackened  by  expl06i<»is 
went  through  life  that  way.  They  were  simply  treated  in  a  way,  and  the  coal 
dust  remained  in  the  wounds.  In  the  last  few  years  we  have  never  sent  a 
man  away  with  a  black  face  after  such  an  accident.  With  a  salt  solution  and 
a  stiff  brush  every  particle  of  coal  dust  may  be  removed.  Sometimes  the  coal 
dust  is  buried  so  deep  it  can  not  be  reached  with  the  stiff  brush,  but  with  a 
curette  all  particles  may  be  removed.  The  only  way  we  have  been  successful 
with  these  patients  was  to  immediately  anesthetioe,  scrub  with  brush  or  curette, 
wash  with  salt  solution,  and  dress  with  sterile  bicarbonate  or  some  other  dress- 
ing.  Sometimes  after  a  patient  goes  24  hours  or  so  the  face  swells,  and  many 
particles  are  shoved  up,  and  are  thus  much  easier  to  remove,  even  at  that  time ; 
but  by  letting  them  go  so  long  more  infection  is  caused.  However,  such  infec- 
tion is  not  so  dangerous  as  infection  received  on  tlie  surface.  The  use  of  a 
stiff  brush  destroys  some  tissue,  but  causes  no  scars,  and  practically  all  the  dirt 
can  be  reached  with  the  brush. 

Dr.  J.  W.  Pabshall.  I  perfectly  agree  with  Dr.  Bountree;  but  it  appears 
to  me  that  we  are  getting  Uito  a  medical  discussion  of  surseons  instead  of  first 
aid,  and  I  think  we  had  better  stick  to  the  text 

With  regard  to  the  economic  value  to  the  company  and  to  the  men  of  first-aid 
training  in  hospitals,  in  my  experience  it  has  been  very  economical  to  the  com- 
pany where  the  company  pays  the  bills  and  also  has  the  services  of  the  man 
before  it  would  have  had  them  if  these  wounds  had  become  infected  by  reason 
of  not  receiving  first-aid  treatment  The  greatest  trouble  is  to  get  our  men  to 
report  to  the  first-aid  man,  and  I  have  had  such  cases  as  a  man  accidentally 
striking  himself  with  a  pick  and  neglecting  the  wound  so  that  a  stay  of  four 
months  or  more  in  the  hospital  was  necessary,  where  a  few  days  would  have 
sufficed  if  he  had  received  first^id  treatment  We  urge  our  superintendents 
to  have  first  aid  administered,  and  every  time  one  of  these  men  becomes  in- 
fected we  report  it,  and  the  head  offices  get  after  the  Buperintsndents  to  warn 
the  men  and  try  to  give  them  instructions  so  when  a  wound  occurs,  no  matter 
how  slight,  they  will  have  it  treated  by  a  first-aid  man  and  then  reported  to 
tlie  surgeon.  Neglect  causes  most  of  the  serious  injuries  and  creates  loss  of 
time  and  men. 

Dr.  R.  F.  McHenbt.  I  do  not  know  that  I  can  add  much  to  what  has  been  said 
regarding  the  economic  value  of  hosi^tals,  as  we  are  too  young  in  tihe  businesa. 
In  about  seven  years'  experl^ice  in  an  Isolated  mining  town  in  western  Penn- 
sylvania, starting  with  crude  hospital  equipment,  we  have  had  our  troubles. 
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As  far  as  economic  value  to  Itself  is  concemed  the  company  is  very  well  satla- 
ftpd  with  ft.  We  started  with  an  asaessment  of  10  cents  per  month  for  injuries 
(solj,  and  we  raised  it  to  20  cents  and  finally  to  40  c^its;  this  assessment  covered 
not  only  accidents  but  all  sickness.  The  company  built  a  hospital  at  an  expense 
of  abont  $20,000  and  we  furnished  it  and  are  running  it  without  State  aid.  We 
rare  for  15  patients  per  month.  Also,  we  look  after  sanitary  conditions.  We  make 
ic  a  point  to  prevokt  all  the  sickness  possible.  The  company  has  a  man  going 
over  the  town  with  a  garbage  wagon  collecting  all  garbage,  disinfecting  cess- 
Itiola,  etc.,  and  we  have  had  only  two  cases  of  tyi^oid  fever  In  seven  years, 
with  a  population  of  approximately  3,000  people,  and  we  have  had  compara- 
tivdy  few  cases  of  sickness  of  any  kind. 

We  instroct  our  flrst-ald  men  and  try  to  make  missionaries  out  of  them. 
We  tell  them  that  no  matter  how  trifling  an  injury  is  the  Injured  man  should 
be  sent  to  the  physician,  and  I  want  to  say  that  since  the  work  was  organized 
it  has  been  a  rare  thing  for  a  man  to  come  into  our  offices  who  hasn't  had  first- 
aid  treatment  or  has  failed  to  report  himself  promptly.  The  days  of  infection 
are  pretty  nearly  over.  The  men  are  well  taken  care  of  in  the  mines,  their 
wounds  are  treated  properly,  and  recoveries  are  much  more  satisfactory  and  a 
?reat  deal  more  rapid.  We  are  mining  about  3,000  tons  of  coal  a  day,  and  at 
the  most  we  have  had  only  one  death  from  accident  this  year. 

Dr.  G.  H.  Halbxbstast.  Dr.  Rountree  says  they  never  get  infection  from  mine 
wounds.  In  the  anthracite  region  the  contrary  is  the  case.  We  don't  have 
the  wounds  washed,  but  oov«  them  with  sterile  gauze.  We  have  splendid 
facilities  for  moving  patients  to  hospitals,  and  there  the  surgeons  do  as  they 
!v>e  fit.  The  cases  that  are  not  disturbed  immediately  by  surgeons  are  prob- 
ably severe  bum  cases  in  which  men  are  burned  from  the  waist  up;  if  the 
bams  are  dressed  with  picric-acid  gauze  and  the  patient  is  suffering  from 
stock  the  surgeons  let  such  cases  go  for  24  hours  without  further  dressing. 
We  have  found  that  it  is  a  punctured  finger  or  a  slight  puncture  of  the  foot  that 
Takes  away  most  of  the  relief  fund.  I  had  a  sign  put  up,  printed  In  several 
languages,  that  men  must  report  the  slightest  wound  before  leaving  the  col- 
lieries. I  have  found  on  Monday  morning  men  would  come  back  to  work  with 
injuries  they  had  received  Saturday  night  and  didn't  report  If  I  can  stop 
infected  fingers  and  feet  we  can  increase  our  indemnity  still  further,  but  most 
of  the  foreign  miners  go  home,  poultice  a  wound  for  a  week,  and  after  it  is 
infected,  report  to  the  doctor,  and  often  a  lost  limb  is  the  consequence.  The 
requirement  ought  to  be  that  all  men  who  want  indemnity  must  report  acci- 
dents immediately  and  must  have  wounds  treated  properly  if  they  want  to  get 
any  of  the  beneficial  fund.  « 

Almost  all  wounds  of  the  eyes,  corneal  wounds,  become  ulcers,  followed  by 
:oss  of  vision.  All  such  cases  we  are  trying  to  drive  to  the  doctors  and  hospi- 
tals and  so  reduce  the  time  of  disability.  This  last  year  I  have  not  talked  to 
any  of  oar  men  on  first  aid.  I  have  been  hammering  into  them  conservation 
of  human  life.  I  have  submitted  a  new  form  of  accident  report  which  I  wish 
to  submit  here. 

As  a  whole,  our  work  is  coming  out  very  well.  Eighty  per  cent  of  our  men 
are  injured  through  their  own  carelessness.  We  don't  allow  men  to  clean 
wounds,  because  they  can  not  do  it  properly,  and  the  time  is  wasted.  We  tell 
them  simply  to  cov^r  wounds  up,  putting  on  sterile  dressings  or  toumiqueta 

J.  W.  Paul.  Will  Mr.  Moss  tell  the  committee  how  his  company  has  spent 
125,000  In  sanitation  at  their  mines  during  the  last  year? 

R.  B.  Mobs.  When  my  company  purchased  the  15  mines  in  Bell  County,  Ky., 
the  sanitary  conditions  were  very  poor.    There  were  190  cases  of  typhoid 
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fever;  several  hundred  cases  of  bowel  complaint,  and  fully  50  per  cent  of  the 
entire  population  of  the  camps  was  affected  with  hookworm.  The  typhoid  was 
quickly  traced  to  the  open  springs  and  wells.  These  were  closed,  and  25  new 
wells  were  bored,  none  of  them  less  than  100  feet  deep.  Over  400  new  closets 
were  built,  and  built  in  such  shape  that  it  was  practically  impossible  for  a  fly 
to  get  to  the  excrement.  The  rubbish,  filth,  etc.,  were  hauled  away  and  burned, 
and  the  houses  were  cleaned,  with  the  astonishing  result  that  in  the  summer 
of  1912  not  a  single  case  of  typhoid  appeared  among  the  Continental  Coal  Cor- 
poration's 6,000  employees,  and  very  few  eases  of  bowel  complaint  were  reported 
to  the  company's  physicians. 

The  hookworm  campaign  was  started  under  the  direction  of  the  Bockefeller 
Institute  by  the  State  board  of  health  of  Kentucky,  and  at  this  time  the  work 
is  being  carried  on  with  great  success,  the  people  responding  generally.  The 
treatm^it  is  very  simple,  and  does  not  keep  the  men  from  working. 

All  of  the  houses,  fences,  and  closets  were  whitewashed,  and  all  of  the  above- 
mentioned  things  were  done,  with  the  result  that  in  .the  fiscal  year  ended 
June,  1912,  my  company  loaded  about  22  per  cent  more  coal  with  the  same 
number  of  men  than  did  the  old  companies  under  separate  management. 

Dr.  J.  W.  Pabshall.  We  have  a  number  of  hospitals  installed,  and  my  assist- 
ants attend  to  the  outside  part  of  this  work,  and  I  am  not  very  well  versed  in 
that  work.  I  think  we  ought  to  try  to  recommend  some  action  as  to  how  to 
get  men  to  report  when  they  are  hurt 

The  company  has  spent  quite  a  great  deal  of  money  in  fitting  up  emergency 
hospitals,  without  their  being  of  any  use  to  us,  fw,  as  a  rule,  these  patients 
are  generally  immediately  sent  to  the  outside  hospital.  A  room  with  proper 
first-aid  supplies,  or  possibly  a  table  for  a  surgeon,  if  present,  would  be  sufii- 
dent 

Other  companies  have  reported  that  they  could  pay  a  benefit  by  assessins 
the  men.  Our  company  pays  all  expenses  from  the  time  the  men  are  injured, 
pays  all  bills,  transportation,  etc.,  and  pays  85  per  coit  for  single  men  and  45 
per  cent  for  married  men,  with  2  per  cent  added  for  each  child  under  age.  In 
regard  to  this  I  think  it  has  gone  beyond  what  is  necessary  in  putting  in  mine 
hospitals,  because  we  havei*t  used  them.  Our  men  are  all  transported  to  the 
general  hospital  as  soon  as  taken  from  the  mines.  In  the  hospitals  which  I 
represent  at  Uniontown,  we  treat  probably  half  the  patients  of  the  company, 
which  has  68  mines. 

Dr.  W.  S.  ItouNTBEE.  We  are  trying  to  work  out  a  plan  of  hospitals  by  haviuf^ 
an  emergency  hospital  at  the  mines,  and  a  base  or  central  hospital  somewhere 
in  the  district.  When  a  man  is  injured,  a  first-aid  man  takes  charge  of  him 
and  treats  him,  and  he  is  then  sent  to  this  emergency  hospital;  if  suffering 
from  shock  he  Is  treated  there  for  such  condition,  and  if  he  appears  ''hospital 
worthy  "  he  is  sent  on  to  the  central  hospital.  I  believe  an  underground  hos- 
pital impracticable.  The  men  who  are  injured  are  never  taken  to  the  so^salled 
hospitals  underground.  Th^r  are  attended  by  first-aid  men  and  removed  to 
the  surface.  Consequently  it  doesn't  seem  the  thing  to  have  a  hospital  under- 
ground. There  is  but  one  in  our  section,  and  nothing  is  being  done  in  this 
hospital.  I  believe  a  system  of  emergency  hospitals  with  a  central  hospital  will 
be  the  plan  of  the  future. 

R.  B.  Moss.  Our  company  recently,  at  the  request  of  its  employees,  equipped 
a  hospital  in  Pineville,  Ky.,  with  20  beds.  The  building  and  equii»nait  is  fur- 
nished by  the  company,  the  equipment  being  entirely  modem  in  every  respect 
We  have  a  medical  staff  and  advisory  board  of  several  surgeons  and  physldanSy 
and  four  trained  nurses  in  constant  attaidanoe. 

V 
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The  hospital  Is  sopported  by  a  voluntary  cut  upon  every  employee  of  the 
company,  from  the  general  manager  down,  of  25  cents  per  month.  The  hospital 
has  been  a  success  from  the  start,  and  it  is  my  opinion  that  it  will  result  in  a 
decrease  of  the  number  of  damage  suits  against  the  company.  It  is  an  emer- 
gency hospital  only.  Patients  are  accepted,  however,  from  other  mining  com- 
panies upon  payment  of  $10  per  week.  The  cut  of  25  cents  per  month  Includes 
all  charges  so  far  as  our  employees  are  concerned,  and  it  is  thought  that 
in  time  this  cut  can  be  reduced. 

A  recent  case  in  one  of  our  mines  was  that  of  a  miner's  daughter,  who  was 
allowed  to  stay  at  home  and  be  doctored  for  stomach  trouble  until  she  was 
almost  dead  with  appendicitis.  She  was  taken  to  the  hospital,  operated  upon 
soccessfully,  and  left  the  hospital  after  staying  there  five  weeks.  The  only 
expense  to  her  parents  was  the  25  cents  per  month  paid. 

Dr.  R.  F.  McHenby.  So  far  as  underground  hospital  equipment  for  surgical 
operations  is  concerned  I  don't  think  it  is  the  right  plan.  Physicians  ought 
to  refrain  from  asking  companies  to  waste  money  in  work  of  no  benefit. 
I  think  when  you  are  equipping  underground  for  surgical  purposes  in  the  ordi- 
naiy  mine  of  western  Pennsylvania  you  are  throwing  money  away.  I  know  of 
no  place  In  our  district  that  requires  underground  surgical  equipm^it  at  all. 
Uoney  so  expended  could  have  been  used  in  a  different  way,  one  which  would 
be  of  more  benefit  to  the  men. 

In  seven  years'  experience  we  have  had  only  one  man  bring  damage  suit 
against  the  company,  and  he  asked  for  only  |150,  which  was  given  to  him. 

Dr.  6.  H.  Halbebstadt.  It  would  appear  thnt  such  stations  or  hospitals  as 
are  required  by  Pennsylvania  mine  laws  are  simply  first-aid  stations.  It  has 
never  been  intended  that  the  doctor  should  go  underground  and  operate. 

I  merely  reverse  conditions  and  take  the  dressing  station  to  the  patient  He 
is  then  taken  to  the  surface  and  shipped  to  the  hospital.  We  have  dressing 
stations  installed  inside  and  outside  of  the  mine.  Dressings  would  keep  sterile, 
but  it  would  be  impossible  to  keep  instruments  underground.  A  man  when 
injured  wants  Immediate  practical  assistance,  and  wants  to  have  confidence  In 
the  man  doing  the  work,  and  wants  to  see  daylight.  When  a  man*s  wounds 
are  dressed  at  the  surface  he  is  transferred  from  the  room  to  the  ambulance 
and  rushed  to  the  hospital. 

My  advice  is  this:  When  a  man  is  dressed  put  him  In  a  mine  wagon  or  a 
spring  litter  such  as  we  have,  and  rush  him  to  the  slope  or  shaft  and  hustle 
him  to  the  surface.  A  man  wants  to  see  daylight  when  hurt.  First-aid  equip- 
ment is  all  underground ;  it  is  taken  to  the  man  when  hurt  instead  of  the  man 
being  taken  to  the  intermediate  station. 

Dr.  M.  J.  Shiields.  It  is  the  opinion  of  this  committee  that  underground  hos- 
pitals are  unnecessary  and  that  there  should  be  deposited  In  the  mine  a  sufli- 
clent  number  of  properly  equipped  first-aid  emergency  cases  of  dressings. 

Dr.  A.  F.  Knoefel.  First-aid  rooms  are  often  used,  when  a  man  is  killed,  as 
a  place  for  keying  the  body  imtil  the  undertaker  arrives  and  where  the  body 
can  be  prepared  for  burial  without  trouble  to  the  family. 

Underground  hospitals  are  unnecessary.  There  should  be  deposited  at  differ- 
ent points  in  the  mines  a  sufficient  number  of  properly  equipped  first-aid 
emergency  cases,  so  that  they  can  be  quickly  taken  to  any  part  of  the  mine. 

In  the  Vandalia  Goal  Go.'s  mines  in  Indiana  the  men  carry  first-aid  packages, 
consisting  ef  sealed  metallic  boxes  containing  a  compress,  triangular  bandage, 
and  safety  pins.  First-aid  dressings  should  be  brought  to  injured  men,  rather 
than  to  move  the  men  to  the  dressing.  If  the  man  had  a  simple  fracture,  it 
might  become  a  compound  fracture,  or  soft  tissues  might  be  otherwise  injured 
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by  moYing  him  to  the  flrst-ald  station.  A  large  first-aid  cabinet  should  l>e 
placed  at  each  parting. 

Dr.  F.  L.  McKee.  I  am  going  into  the  mines  nearly  every  day.  If  first-aid 
stations  are  installed  at  the  surface  of  a  mine,  they  would  have  to  be  protected 
in  some  way  in  case  of  a  serious  accident,  as  the  relatives  and  friends  on  tlie 
outside  would  likely  tear  them  open  to  get  to  injured  persons. 

0.  O.  RoBEBTS.  I  think  a  dressing  room  is  the  proper  thing.  In  some  cases  it 
would  be  advisable  to  have  a  dressing  room,  where  an  injured  man  could  be 
taken  and  kept  warm  until  he  recovered  from  shock  or  other  injury. 

At  the  mines  in  the  anthracite  region,  where  I  was  captain  of  a  first>ald  team, 
we. would  take  the  first-aid  cabinet  to  the  man,  dress  his  wounds,  and  then  take 
him  to  the  dressing  room  and  keep  him  warm  until  he  could  be  taken  to  the 
surface. 

Dr.  J.  W.  Pabshauu  Regarding  hospitals:  The  places  referred  to  by  me 
were  fully  equipped  as  hospitals,  with  operating  tables,  etc.,  and  I  consider  it 
unnecessary  expense.  As  the  plants  were  widely  distributed,  there  was  more 
reason  for  such  arrangement  First-aid  stations  are  maintained  throughout  the 
mine,  and  about  one  flrst-ald  man  in  ten  Is  distributed  around  the  mine,  so  that 
prompt  treatment  can  be  taken  to  the  injured  man.  We  have  Instituted  a 
system  of  telephoning  in  the  larger  mines,  but  I  think,  as  tliese  other  gentlemen 
do,  that  it  is  absolutely  necessary  and  Important  to  have  a  receiving  room  in 
case  of  delay  or  some  reason  why  a  man  should  be  treated  before  being  taken 
to  the  hospital.    I  merely  criticize  the  too  elaborate  hospitals. 

Austin  Kiiro.  In  all  our  plants  the  company  has  taken  up  conditions  of 
hygiene  and  sanitation,  and  it  has  spent  a  half  million  dollars  making  open 
drainage  and  other  improvements,  fixing  up  property,  and  also  for  policemen, 
that  is,  men  who  look  after  contagious  diseases,  sanitary  conditions,  etc  These 
things  are  all  done  at  the  expense  of  the  company. 

It  is  our  practice  to  distribute  first-aid  supplies  to  the  points  most  convenient 
to  those  where  men  are  employed.  For  the  safe  storage  of  these  supplies  we 
use  tubes  made  of  galvanized  sheet  steel  of  proper  gage,  8  feet  long  and  8  Inches 
diameter,  to  contain  stretcher,  blankets,  etc.,  and  one  of  similar  diameter 
2i  feet  long  which  contains  first-aid  supplies.  These  supplies  are  to  be  kept 
sealed  so  they  are  always  dry  and  fit  for  use  at  any  moment.  Some  superin- 
tendents go  further  and  have  a  painted  sign  with  the  Red  Cross  on  it,  so  the 
men  know  where  a  first-aid  station  Is.  Usually  a  telephone  is  close  to  each  sta- 
tion, and  when  supplies  are  taken  the  first-aid  man  telephones  to  the  surface 
for  a  doctor  to  be  summoned. 

Speaking  of  treatment:  First-aid  supplies  are  carried  to  the  place  of  an 
accident,  or  to  a  place  of  safety,  and  treatment  is  given  for  shock.  Safety 
lamps  are  placed  under  blankets  and  aromatic  spirits  of  ammonia  are  given 
and  other  measures  taken  to  keep  the  pati^it  warm  before  bringing  him  to  the 
surface. 

Athebton  Bowen.  One  point  partly  brought  out  is  the  sealing  of  first-aid 
cases;  this  is  done  in  the  anthracite  regions.  Material  must  be  kept  dry  or  it 
becomes  absolutely  unfit  to  use  in  case  of  accident 

H.  M.  Wilson.  Dr.  Enoefel  wasn't  sure  whether  to  speak  of  stations,  hospi- 
tals, first-aid  stations,  or  what  It  has  developed  here  that  the  law  of  Penn- 
sylvania requires  using  underground  hospitals,  and  it  appears  that  the  com- 
panies are  going  to  considerable  expense  to  establish  hospitals.  I  think  one 
of  the  things  this  conference  might  well  consider  is  the  question  of  terminology, 
because  our  deliberations  may  have  an  important  effect  ui)ou  legislation.  This 
conference  should  fix  terminology  as  to  what  is  a  hospital — ^whether  under- 
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srooDd  places  for  rebandUng  shotild  be  called  flnrt-aid  stations,  hospitals,  or 
irbat 

Dr.  F.  Ll  McKee.  I  think  we  should  retain  our  inside  stations  and  prepare  for 
otiiere  outside. 

G.  W.  Bakaobb.  The  Pennsylrania  laws  require  the  use  of  carron  oil.  Pa- 
tients dressed  with  this  oil  excited  unfavorable  comment  on  the  part  of  the 
bospital  official& 

Dr.  6.  H.  Hai.beb8tai)t.  We  lEsep  carron  oil,  but  hare  the  corks  driven  in  so 
tight  they  can  not  be  removed. 

J.  W.  Paul.  I  agree  with  Mr.  Wilson's  remarks,  and  I  think  the  next  thing  in 
order  would  be  to  consider  a  motion  indorsing  first-aid  stations  or  dressing 
rooms  in  the  mines.  A  great  many  men  suffer,  especially  during  the  winter 
months,  when  brought  out  In  a  criiq[)led  condition,! whereas  were  a  room  pro- 
Tided,  sofFerins  would  be  very  much  relieved. 

PROCBEDrN^OS  OF  COMMITTEE  5  RELATIVE  TO  FIRST- 
AID  TRAININO. 

J.  J.  Rutledge,  acting  as  secretary  by  appointment  of  the  chair- 
man of  the  conference,  called  the  meeting  to  order  September  24  at 
2  p.  HL    Dr.  A.  F.  Knoefel  was  elected  chairman. 

Dr.  U.  J.  Shiklds.  It  has  not  been  the  policy  of  the  Red  Cross  to  take  the 
doctor's  work  away  from  him.  The  duty  of  a  first-aid  man  is  to  form  the 
bridge  that  takes  the  man  safely  over  the  danger  of  an  infected  wound,  over 
the  danger  of  unnecessary  or  exhausting  hemorrhage,  over  the  danger  of  pos- 
sible crooked  leg  or  amputation,  over  the  danger  of  dying  unnecessarily  after 
a  Dcminstantly  vital  electric  shock,  and  on  the  other  hand  to  place  in  the  hands 
of  tbe  general  hospital  or  the  physician  a  man  who  has  a  cieaner  wound,  a 
fitnighter  le^  perhaps*  a  man  who  is  suffering  from  less  shock,  suffering  less 
lain,  and  a  man  who  will  get  well  from  10  to  00  days  sooner  than  he  would  if  he 
lad  not  had  this  first-aid  treatment 

Dr.  F.  L.  McKee.  I  think  that  Dr.  Shields  has  covered  almost  everything  that 
nu  be  said  on  this  subject.  The  duties  of  a  first-aid  miner  will  depend  on  his 
snieral  aptitude  for  the  work,  whether  he  has  the  nerve  to  do  the  work,  and 
whether  be  will  obey  explicitly  the  instructions  he  has  received  and  will  follow 
tbem  to  the  letter. 

I>r.  G.  H.  Halbebstadt.  The  first-aid  miner  should  be  educated,  in  the  work. 
He  should  get  to  his  injured  comrade  as  promptly  as  possible  in  order  to  put  on 
proper  dressings,  then  get  the  patient  into  the  ambulance  and  off  to  the  hospital. 
One  thing  I  especially  impress  upon  my  men  as  much  as  anything  else  is  to 
iDake  no  prognosis.  If  a  man  has  a  finger  injured,  the  first-aid  man  cdiould  not 
say,  *'  Do  not  let  the  doctor  take  that  finger  off."  Their  business  is  to  cover  the 
womid,  using  splints  or  sling  or  any  other  apparatus  necessary,  and  to  get  the 
nan  into  the  hands  of  the  doctor  as  promptly  as  possible. 

Dr.  R.  F.  MoHknbt.  The  question  of  who  shall  instruct  the  first-aid  men  is  a 
ntlier  delicate  one  for  a  physician  in  practice.  Any  man  who  has  sufficient 
preliminary  education  to  understand  the  subject  matter  of  first-aid  treatment 
»iHl  is  an  experienced  Instructor  is  capable  of  instructing  first-aid  men.  We 
bare  both  physicians  and  laymen  instructing  first-aid  men,  but  only  laymen  of 
experience  are  capable  of  giving  such  instruction.  The  amount  of  first-aid  train- 
ing or  instruction  that  is  necessary  can  not  be  limited  by  hours  or  days  or  time. 
In  the  method  of  obtaining  first-aid  training  and  instruction  what  every  Indi- 
^doal  needs  is  to  get  the  work  and  get  it  in  a  way  that  he  can  apply  it    To 
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accomplish  this  it  Is  necessary  in  the  first  place  to  teach  him  the  sobject  matter, 
and  in  the  second  place  to  do  the  actual  work  on  a  well  subject,  nntU  the  first- 
aid  student  becomes  skilled  in  the  actual  work. 

The  Chairman.  A  superint^ident  was  outlining  last  night  the  plan  adopted 
by  his  company,  whereby  the  man,  after  taking  a  certain  amount  of  first-aid 
and  rescue  work,  was  issued  a  certificate  of  proficiency.  If  he  wmt  from 
Indiana  to  P^msylvania  he  could  present  that  certificate  and  receive  a  certain 
amount  of  recognition.  The  question  is  one  that  is  proper  and  just  Here  is 
Dr.  Young,  who  requires  his  men  to  meet  once  a  wedr,  two  hours  a  night,  for 
three  months ;  Dr.  Rountree,  who  has  his  men  meet  every  other  night  for  two 
hours  during  six  or  nine  months.  There  ought  to  be  some  standard  to  go  by, 
and  I  would  like  to  hear  a  <^orough  discussion  of  this  question  by  all  of  you  as 
to  your  personal  opinion  of  Iwhat  you  believe  should  be  the  standard. 

Dr.  G.  H.  Halbebstadt.  I  do  not  know  anything  about  the  Bed  Cross  system 
of  training.  In  the  first  place,  we  ask  for  volunteera  When  the  whole  thing 
was  started  I  showed  the  men  first  the  simple  bandages,  avoiding  technical  terms, 
giving  them  simple  injuries — ^for  instance,  a  brokm  leg,  by  simply  demonstrating 
fl:om  binding  a  broken  shaft  From  treating  broken  legs  I  went  on  to  treating 
bemorrhagea  We  have  charts  of  the  human  body  which  we  study,  and  I  have 
taken  the  men  on  and  on,  at  the  same  time  increasing  the  difllculty  of  the  band- 
ages. Now,  you  can  not  take  the  same  set  of  men  and  keep  them  interested  in 
working  all  the  time,  so  I  go  around  and  talk  to  them  on  anything  but  the  ai^- 
cation  of  bandagea  You  have  to  give  them  some  other  entertainment  and  get 
on  some  other  subject&  I  have  been  talking  to  tliem  largely  this  year  on  the 
conservation  of  human  life.  Bach  year  we  have  an  annual  contest  which  is 
practically  on  the  application  of  bandagea 

Dr.  W.  S.  Rountree.  I  have  been  teaching  first  aid  for  a  numbo*  of  years, 
and  our  methods  have  been  similar  to  those  of  Dr.  Halberstadt  In  organising 
our  corps  we  first  ask  for  volunteers  or  select  so  many  men  from  the  works  or 
the  mines,  and  after  fixing  meeting  nights  and  getting  classes  arranged  I  give 
About  20  or  90  minutes'  talk  on  anatomy  and  physiology,  omitting  all  technical 
terms,  simply  using  as  plain  words  as  I  can  to  express  myself. 

After  my  lecture  I  demonstrate  from  the  chart  and  then  I  take  up  simple 
injuries;  for  instance,  an  injury  of  the  hand,  and  teach  the  men  how  to  dress  It 
We  go  from  that  to  more  severe  wounda  We  will  take  up  a  simple  fracture 
of  the  forearm  and  spend  one  night  teaching  the  applications  of  bandages  and 
adjusting  cpllnts,  then  compound  fractures,  and  so  on  throughout  the  whole 
calendar  of  fractures  until  we  have  accomplished  the  treatment  of  that  dass  of 
injuries.    I  teach  the  men  never  to  reduce  a  dislocation. 

Occasionally  we  have  a  night  devoted  to  a  quii^.  I  mark  the  men  according 
to  the  answers  and  keep  a  record  of  the  marka  At  the  end  of  the  term  we  take 
well-informed  men  and  put  them  into  a  separate  class  and  later  give  them  a 
corps  to  instruct,  and  in  tills  way  we  have  been  able  to  keep  up  interest  I  will 
also  say  tliat  other  things  must  be  injected  in  this  work.  We  have  little 
smokers*  banquets,  musicals,  and  some  nights  are  given  over  to  talks  on  how- 
to  keep  up  physical  efilciency  and  to  prolong  earning  capacity.  I  also  touch 
upon  the  social  evil,  as  miners  are  prone  to  fall  a  prey  to  such  diseases,  and  by 
these  methods  I  have  been  able  to  keep  the  men  interested  in  this  great  work. 

Dr.  F.  Li.  McKeb.  I  have  been  introducing  Morrow's  book,  L.  H.  Doty's  book 
on  first  aid,  and  the  Red  Cross  book,  and  recommend  each  of  them.  So  far  as 
organization  goes  we  watch  a  man  for  his  aptitude,  and  get  somebody  else  if  a 
man  does  not  show  a  general  aptitude  for  the  work. 

T.  B.  DiLTS.  We  have  invariably  adopted  the  industrial  edition  of  the  Ameri- 
can Red  Cross  and  we  have  asked  the  doctors  who  have  charge  of  these  differ- 
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ent  classes  not  to  spend  too  much  time  at  the  beginning  on  lectures,  but  just  as 
quickly  as  possible  after  the  second  or  tblrd  lesson  to  start  on  practical  work — 
5Qch  as  the  nse  of  dCfferent  bandages,  splints,  etc. — ^and  wherever  they  have  done 
80  the  classes  have  been  successful;  where  they  have  not,  the  classes  have 
renerally  broken  up  after  the  seventh  or  eighth  meeting  and  it  was  hard  to  in- 
terest the  men  again. 

Dr.  R.  F.  McHekby.  My  experience  has  been  small,  but  as  a  matter  of  fact  I 
think  we  must  have  standard  instructors  for  our  men.  I  read  the  book  to  tlie 
men  and  'at  the  same  time  I  have  the  charts.  I  then  ask  the  men  to  stand  up 
and  answer  questlona  This  method  makes  them  confident  and  relieves  em- 
barrassment. At  the  end  of  the  lesson  a  short  time  Is  given  to  anatomy  and 
ciiemistry.  We  spend  about  three  months  on  that  first  practice  before  the  final 
examination.  The  Red  Cross  send  their  representatives  to  examine  our  men 
and  we  have  liad  only  one  man  fall  below  75  and  only  four  men  below  90.  We 
need  a  standard  book  that  is  generally  before  the  men  employed  in  and  around 
the  mines.  I  personally  think  that  the  Red  Cross  book  is  more  generally  before 
these  men  to-day  than  any  other  book  we  have.  It  is  not  a  finished  book ;  I  do 
Lot  presume  it  was  intended  to  be.  It  should  be  revised;  at  least,  there  are 
many  things  necessary  in  first-aid  instruction  that  are  not  emphasized  in  this 

book. 

Jesse  Hensoh.  We  follow  the  American  Red  Cross  textbook,  industrial 
edition,  fn  the  Bureau  of  Mines.  We  go  into  a  mining  camp  about  a  week  at  a 
time.  We  nse  the  most  simple  methods  possible  in  training,  and  in  tying 
bandages,  etc.  In  some  places  where  we  have  organized  first-aid  classes  the 
miners  furnished  their  material,  each  man  paying  10  cents  per  month  in  some 
places  and  in  others  25  cents  per  month;  in  still  other  places  the  men  held 
mcial  functions.  But  to  continue  the  work  we  always  had  to  look  to  the 
physician. 

The  Chairman.  At  the  l)eginnlng  of  the  first-aid  movement  we  had  two  classes 
a  week  for  two  hours,  from  7  to  9  p.  m.,  on  Tuesday  and  Saturday.  As  the  dis- 
interested dropped  out  we  combined  the  meetings  to  once  a  week  and  this  class 
took  nine  months  to  finish.  The  book  we  adopted  and  the  one  we  still  use  is 
the  American  Red  Cross  textbook,  industrial  edition. 

We  use  both  roller  and  triangular  bandages,  with  preference  for  the  triangu- 
lar. We  first  started  on  anatomy  and  hygiene,  and  followed  these  subjects  with 
pliysiology. 

The  first-aid  men  to  be  competent  must  know  that  cleanliness  is  far  beyond 
godliness  in  first-aid  work. 

Dr.  M.  J.  Shields.  The  Red  Cross  Society,  one  of  the  greatest  societies  the 
world  has  ever  known,  is  not  confined  to  the  United  States.  We  desire  to  re- 
ceive any  suggestions.  We  want  to  cooperate  with  any  mo.vement  that  has  for 
Its  object  the  l)enefit  of  humanity,  the  same  as  we  are  cooperating  with  the 
Bnrean  of  Mines,  the  Y.  M.  C.  A.,  the  Y.  W.  O.  A.,  the  Boy  Scouts,  and  the  Boys' 
Brigade.  We  have,  through  the  assistance  of  the  Surgeon  General,  promul- 
gated what  will  be  known  as  the  medallion  course;  that  is,  the  men  will  bear 
standards  and  will  be  somewhat  similar  to  the  National  Guard.  They  have  to 
be  examined  physically,  etc. 

MaJ.  Charles  Lynch  was  the  author  of  the  Red  Cross  industrial  book,  which 
was  Imsed  in  part  on  the  first-aid  book  of  the  St.  John's  Ambulance  and  a  little 
book  I  had  published  myself.  The  Red  Cross  general  edition,  whose  author  is 
also  Ma].  Charles  Lynch,  is  used  by  the  Y.  M.  C.  A.,  the  Boy  Scouts,  and  the 
Y.  W.  C.  A-  The  Red  Cross  publishes  the  industrial  edition  in  four  foreign 
languages.    We  would  like  to  get  suggestions  in  regard  to  revising  the  book. 
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We  are  arranging  a  pamphlet  of  lectures  for  railroad  men.  Sometimes  the 
railroad  men  can  not  attend  because  they  are  at  the  other  end  of  the  line.  By 
the  use  of  these  pamphlets  they  can  study  what  the  class  is  being  taught  while 
they  are  absent  I  might  say  that  about  25,000  copies  of  the  industrial  edition 
have  been  sold  throughout  the  United  States. 

Dr.  G.  H.  Halbebstadt.  I  think  a  good  method  of  organizing  a  first-aid  corps 
is  to  take  five  boys  out  of  a  colliery  and  show  them  the  work  for  three  hours, 
one  hour  at  a  time,  for  three  week&  I  use  X-ray  pictures  and  motion  slides  as 
much  as  possible,  because  this  interests  the  men.  If  you  want  to  keep  your 
corps  together  to  do  good  work,  to  do  work  that  you  will  not  be  ashamed  of,  to 
do  work  tliat  will  stand  out,  keep  them  on  the  roller  bandage ;  give  them  some- 
thing to  fight  for. 

The  Chaebman.  When  my  company  began  the  organization  of  the  first-aid 
association,  the  different  locals  refused  to  enter  into  the  movement,  although 
the  company  agreed  to  pay  their  expenses;  but  later  an  independent  first-aid 
company  was  organized  and  the  members  of  this  association  included  laborers, 
loaders,  and  anyone  who  desired  to  take  up  the  work.  The  oitrance  fee  of  this 
organization  was  50  cents,  each  member  being  presented  with  a  Red  Cross  first- 
aid  textbook  and  a  metallic  first-aid  package.  The  dues  were  10  cents  per 
month,  these  to  be  used  for  incidental  expenses. 

Dr.  D.  H.  I^KF.  I  would  like  to  say  how  I  made  a  failure.  I  ^t  Interested 
in  first  aid  and  bought  charts  and  first-aid  books  and  had  plenty  of  bandages. 
Called  a  meeting  and  about  50  men  were  present;  this  was  the  first. meeting; 
gave  a  lecture  probably  too  long,  but  I  thought  I  was  making  It  Interesting, 
a  talk  of  two  hours.  Gk)t  out  all  the  bandages,  distributed  them,  went  around 
and  showed  them  how  to  apply  them.  Arranged  for  a  meeting  the  next  week ; 
there  were  about  20  men  present  at  the  next  meeting.  We  went  over  the 
bandages  again;  all  were  very  much  interested.  The  next  meeting  about  five 
men  appeared.  I  tried  to  find  out  why  they  did  not  appear.  Some  men  seemed 
to  belong  to  societies,  etc.,  and  had  to  go  to  them  the  night  we  were  to  meet. 
We  tried  to  have  a  night  that  would  not  .interfere.  The  next  meeting  I  was  the 
only  man  there.  I  am  here  to  find  how  you  keep  the  men  interested  in  the 
work.    I  will  start  another  first-aid  corps  if  I  can  find  that  out. 

Dr.  M.  J.  Shields.  It  has  been  my  experience  in  a  number  of  years  in  this 
work  that  where  you  find  the  officials  passive  you  find  the  men  passive;  and 
where  you  find  the  officials  active  and  interested  in  this  work  you  find  the 
men  interested^  and  it  will  be  very  ea^  to  get  them.  In  the  last  two  years 
in  our  Red  Cross  work  we  have  covered  about  75,000  miles  of  railroads,  includ- 
ing the  New  York  Central,  Rock  Island,  Illinois  Central,  Harriman  lines, 
Santa  Fe,  Northern  Pacific,  Milwaukee,  Baltimore  &  Ohio,  and  Erie,  and  when 
we  get  to  a  division  where  the  superintendent  of  that  division  is  heartily 
interested  we  find  the  men  get  interested.  If  the  superintendent  thinks  that 
it  is  something  extra  to  the  regular  work,  we  do  not  get  any  results. 

T.  B.  DiLTs.  In  one  place  where  we  tried  to  interest  men  but  had  not  been 
successful,  I  went  over  and  got  six  of  the  men  together  and  told  them  that 
was  all  we  wanted*  After  about  an  hour's  demonstration  they  got  very  much 
Interested  and  arranged  to  meet  one  day  a  week  to  practice  under  the  direc- 
tion of  the  superintendent  After  about  three  months  they  were  each  asked 
to  cai)tain  a  team.  We  have  35  men  there  to-day  organized  and  greatly  inter- 
ested in  first  aid.  At  another  place  we  had  the  same  thing.  We  started  with 
five  men  and  after  about  a  year's  training  of  these  men  each  one  was  then  put 
in  as  captain  of  a  squad. 

The  Chaibman.  What  is  the  opinion  of  the  men  present  as  to  the  ratio  of 
trained  men  per  100  miners? 
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Dr.  M.  J.  Shuxds.  Of  titie  coal-mining  companies  whose  worlL  I  have  helped 
sUrU  the  Hillside  Coal  &  Iron  Co.,  the  Temple  Iron  Co.,  and  the  Pennsyl- 
rania  Coal  Co.  tried  to  get  at  least  1  man  in  20.  The  Tennessee  Coal,  Iron 
k  Railroad  Co.,  1  in  25,  the  H.  C.  Frick  Coke  Co.,  the  same,  the  Oliver 
Iron  Mining  Co.,  1  in  30.  We  contend  that  it  is  a  good  theory  to  ask  for  more 
men  than  yon  want,  so  that  if  you  do  not  get  the  allotted  number  you  may  get 
1  sufficient  number.  When  with  the  H.  C.  Frick  Co.,  we  planned  to  get  1 
man  oat  of  50.  We  thought  this  would  be  all  we  could  get  together.  We  held 
some  of  the  meetings  In  the  daytime.  We  got  together  750  men  out  of  15,000 
employees,  and  our  last  meetings  were  larger  than  the  first  The  people  were 
invited  to  come  whether  they  were  asked  by  the  foreman  or  not.  All  these  men 
wefe  asked  by  the  foreman  to  be  present 

The  chairman  then  asked  each  man  what  was  the  proportion  of 

first-aid  men  to  the  number  of  employees  in  the  companies  that  they 

represented.    Dr.  Bountree  said  1  man  to  10,  Dr.  Halberstadt,  1 

man  to  70 ;  Dr.  Young,  1  man  to  80 ;  C.  G.  Brehm,  2  men  to  25 ;  Dr. 

Knoefel,  1  man  to  50 ;  Dr.  McKee,  1  man  to  25 ;  E.  E.  Judd,  1  man 

to  20. 

CLOSING  SESSION  OF  CONFERENCE." 

The  closing  session  of  the  conference  was  called  to  order  at  10 
a.  m.,  September  25,  1912,  by  the  chairman. 

The  Chaibman.  The  several  committees  have  met  and  completed  their  work. 
The  action  of  each  committee  ha,s  been  referred  to  the  resolutions  committee, 
Uie  membership  of  which  is  as  follows:  Dr.  F.  L.  McKee,  chairman;  Messrs. 
B.  J.  Matteaon  and  A.  M.  Ogle,  Dr.  W.  S.  Kountree,  and  Mr.  J.  W.  Paul,  sec- 
retary.   Will  Dr.  McKee  report  for  the  resolutions  committee? 

Dr.  F.  It.  McKee.  The  committee  on  resolutions  has  met  and  has  reviewed 
the  reports  of  all  committees  and  transmits  them  to  this  general  session  with 
the  recommendation  that  they  be  passed  upon  separately. 

On  motion  of  J.  P.  Reese  it  was  agreed  that  the  report  of  the 
resolutions  committee  be  adopted,  with  the  understanding  that  in 
the  reading  of  committee  reports  if  no  objection  was  raised  to  any 
section  the  chair  was  to  declare  it  adopted  to  avoid  debate  on  each 
question. 

The  chairman  then  directed  the  general  secretary  to  proceed  with 
the  reading  of  the  resolutions  recommended  for  adoption. 

Only  these  resolutions  are  reported  and  entered  in  the  record  at 
this  point  which  were  discussed  or  amended.  The  others  are  re- 
corded  as  originally  drafted.    (See  pp.  12-17.) 

DISCUSSION  ON  BESOLUnONS  OFFBRED  BY  COMMITTEE  1,  RESCUE 

APPARATUS  AND  RESCUE  TRAINING. 

J.  P.  Reese  asked  a  definition  of  the  word  "  station  "  in  resolution 
3,  which  read  as  follows : 

"  The  committee  recommends  that  all  mine  rescue  stations  should 
be  equipped  with  at  least  five  breathing  apparatus  and  the  necessary 

« In  eonnectlon  wltb  the  report  of  this  session  frequent  reference  is  made  to  the  resolu- 
tioDS  presented  on  pp.  12-17 
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accessories  for  the  continuous  operation  of  the  apparatus  for  24 
hours,  and  at  remote  stations  48  hours." 

J.  W.  Paul.  A  rescue  station  is  one  equipped  with  certain  paraphernalia  and 
apparatus  suitable  for  mine-rescue  work  and  mine-recovery  work,  and  the 
committee  recommends  what  this  equipment  should  be  for  a  regular  rescue 
station. 

J.  P.  Reese.  The  establishment  of  rescue  stations  Is  voluntary  on  the  part 
of  any  company,  and  we  do  not  want  to  discourage  the  establishment  of  sta- 
tions with  even  two  rescue  apparatus.  If  a  company  has  several  mines  within 
a  radius  of  a  few  miles,  we  do  not  want  to  discourage  the  establlshm^it  of 
a  rescue  station  at  each  mine,  even  if  it  is  equipped  with  only  two  helmets, 
providing  the  company  has  a  car  or  a  central  station  or  additional  small  sta- 
tions from  which  to  draw  in  case  of  accident.  The  company  does  not  wish  to 
go  to  the  great  expense  of  having  a  fully  equipped  rescue  station  at  each  of 
its  mines,  and  I  think  the  specification  of  five  helmets  should  not  apply  to 
substations. 

G.  S.  Rice.  We  should  not  have  so  few  breathing  apparatus  that  there  will 
be  danger  of  losing  men.  If  we  have  only  two  sets  of  apparatus  and  some 
emergency  occurs,,  the  men  who  are  near  go  in,  and  there  would  be  hardly  any 
hope  of  their  being  rescued  if  themselves  endangered.  There  would  be  the 
danger  of  inducing  these  men  to  do  something  they  should  not  undertake,  and 
personally  I  think  we  ought  to  pass  a  resolution  calling  for  not  less  than  five 
helmets  to  a  station  or  none  at  all. 

J.  C.  Roberts.  I  believe  Mr.  Reese's  suggestion  if  carried  out  would  be  a 
positive  menace.  Every  life  lost  when  helmets  are  used  has  been  because 
there  were  only  two  men  equipped  with  them,  and  there  have  been  a  number 
of  such  instances,  although  I  know  of  one  case  where  two  men  so  equipped  went 
in  and  saved  a  man's  life.  I  think  it  is  better  to  have  no  helmets  at  all  than 
only  two  or  three,  and  that  the  whole  force  should  be  combined  at  one  station. 

G.  H.  Ha  WES.  Our  company  has  seven  stations  with  three  helmets  at  each, 
and  we  feel  that  we  can  respond  with  three  helmets  at  any  time  and  can  pro- 
cure another  three  helmets  within  two  hours.  I  believe  with  Mr.  Reese  that 
a  limitation  of  five  at  each  station  is  unnecessary,  as  we  could  have  three  hel- 
mets on  the  scene  at  the  time  of  the  accident  and  three  more  within  two  hours, 
and  possibly  more. 

J.  W.  Paul,  I  have  outlined  an  amendment  that  might  possibly  cover  the 
question  raised  by  Mr.  Reese :  **  Such  equipment  should  be  so  located  as  to  admit 
of  its  assembly  in  one  hour  at  a  central  point  for  emergency  use." 

J.  P.  Reese.  I  would  accept  that  as  covering  the  point.  I  wish  to  iwint  out 
in  defense  of  our  position  that  the  rescue  workers  don*t  have  to  bother  with 
cost  sheets,  and  some  of  us  managers  do ;  and  there  Is  something  besides  rescu- 
ing life  that  we  do  with  these  breathing  api>aratus.  For  instance,  we  expect 
to  save  the  price  of  our  equipment  by  putting  out  coal  fires  with  them  and 
thus  prevent  the  sealing  of  a  part  of  the  mine,  as  has  been  customary  for 
years.  Now  when  our  men  find  a  coal  fire  and  It  Is  too  far  for  them  to  take 
the  chemical  extinguisher  without  breathing  apparatus,  if  we  keep  two  or  three 
helmets  at  each  mine  we  think  the  men  can  don  the  helmets,  take  in  the 
chemical  tank,  and  put  out  the  fire.  We  do  not  want  to  go  against  the  regu- 
lations of  this  conference  In  order  to  provide  for  that  contingency,  which  In 
dollars  and  cents  would  amount  to  a  great  deal  In  the  course  of  a  year,  but 
tlf6  amendment  by  Mr.  Paul  would  permit  us  to  be  in  harmony  with  this  con- 
ference and  yet  keep  only  two  helmets  at  each  mine.  I  think  we  have  nine 
helmets  for  our  three  mines,  and  we  would  not  want  to  have  five  at  each  mine 
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when  we  can  get  nil  nine  assembled  in  half  an  hour  If  the  roads  permit  of 
automobile  travel,  iind  in  a  hour  if  a  team  of  mules  must  be  used. 

J.  C.  Roberts.  ^Ir.  Reese  was  speaking  of  mine  Area  I  happened  to  be 
present  at  one  mine  where  if  the  company  had  had  more  than  two  helmets  it 
could  have  put  the  fire  ouL  The  men  went  down  to  the  fire  with  two  helmets, 
the  oxygen  in  the  cylinders  gave  out,  tliey  had  to  go  to  the  surface  for  more 
oxygen,  so  tliat  before  they  got  back  the  fire  was  beyond  their  control  and  the 
mine  had  to  be  flooded.  That  is  one  of  the  bad  features  about  two  helmets. 
I  did  not  arrive  at  the  mine  until  after  the  lower  workings  had  been  flooded. 
I  know  of  a  number  of  cases  where  after  a  fire  occurred  the  apparatus  was 
carried  to  the  fire  in  an  automobile  and  in  an  hour's  time  the  flre  was  out,  and 
the  apparatus  more  than  reimld  the  company  for  the  money  expended  for  it. 

Austin  King.  In  the  Connellsville,  Pa.,  field  we  have  large  companies  that 
have  30  to  40  collieries,  and  a  resolution  of  this  kind  would  probably  embarrass 
tliem.  We  don't  want  to  lose  sight  of  the  fact  that  the  resolutions  made  here 
irill  be  taken  as  a  guide  to  work  by,  and  any  company  that  does  not  follow 
them  would  be  open  to  censure.  The  practice  of  two  of  the  large  companies 
in  oar  field  is  to  have  two  apparatus  at  each  mine,  and  the  president  and  the 
vice  president  of  the  company  told  me  that  the  purpose  of  those  apparatus 
is  to  guarantee  a  sense  of  security  to  miners  Just  as  the  safety  lamp  does  at 
the  present  time.  As  Mr.  Reese  said,  incipient  fires  can  be  put  out  if  such  ap- 
paratus is  available,  but  nearly  all  our  collieries  are  so  situated  that  th^  are 
within  30  minutes'  ride  by  wagon,  and  In  the  case  of  a  recent  fire  the  apparatus 
was  brought  13  miles  in  20  minutes;  we  had  eight  apparatus  on  the  ground 
to  reenforce  two  that  were  there  from  the  first.  So  I  think  Mr.  Paul's  amend- 
ment is  a  good  one 

I  therefore  move  the  adoption  of  the  amendment  of  Mr.  Paul.  Anyone 
familiar  with  the  regulations  of  Great  Britain,  Belgium,  and,  I  believe,  France, 
knows  that  they  require  but  two  helmets,  not  for  the  purpose  of  having  a  sta- 
tion, but  Just  for  the  purposes  tliat  Mr.  Reese  mentioned. 

The  amendment  was  adopted. 

The  secretary  read  resolution  4,  "  The  keeping  of  birds  and  mice 
at  rescue  stations  for  the  purpose  of  detecting  noxious  gases  is 
desirable." 

AVBTUS  King.  I  would  amend  that  resolution  to  read  "  carbon-monoxide  gas  ** 
instead  of  *'  noxious  gases,"  as  that  is  the  only  gas  for  which  birds  are  used  to 
detect 

The  motion  to  amend  was  put  and  adopted. 

G.  H.  Ha  WES.  Wouldn't  carbon  dioxide  also  be  a  dangerous  gas  that  could  be 
detected  by  the  use  of  birds? 

The  Chaisman.  It  is  the  opinion  of  the  chemists  of  the  bureau  that  it  is 
impractical  to  test  for  carbon-dioxide  gas  by  the  use  of  birds  and  mice. 

J.  P.  Reese.  What  purpose  do  birds  and  mice  serve  in  ordinary  rescue  work? 

The  Chajbman.  The  purpose  of  the  use  of  birds  and  mice  in  rescue  work  is 
to  detect  the  presence  of  carbon-monoxide  gas  in  small  percentages.  They  are 
more  easily  affected  than  men,  and  the  fact  that  they  topple  over  much  more 
quickly  than  a  man  in  an  aunosphere  that  would  be  deadly  to  man  if  breathed 
for  a  long  period  of  time  makes  than  most  valuable  as  a  guide  to  the  presence 
of  this  dangerous  gas.  As  soon  as  a  bird  topples  over  the  rescue  men  know 
that  it  is  dangerous  to  proceed  beyond  this  point  without  the  use  of  breathing 
apparatus.    By  the  use  of  birds  in  this  way  we  believe  we  have  prevented  many 
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serious  accidents  from  men  rnsbing  into  deadly  iiereentages  of  carbon  monoxide 
unlcnown  to  themselves. 

J,  J.  RuTLKDGE.  You  will  find  a  great  many  men  past  middle  age  wlio  seriously 
object  to  wearing  the  breathing  apparatus.  Tbey  do  not  object,  however,  to 
taking  a  bird  with  them  into  a  questionable  atmosphere,  and  since  these  men 
are  very  valuable  assistants  in  the  way  of  erecting  brattices  and  restoring  ven- 
tilation following  a  disaster,  you  can  understand  that  the  bird  is  in  sncli 
instances  a  valuable  safeguard  to  their  lives.  I  believe  every  one  who  has  made 
use  of  the  birds  at  recent  disasters  will  agree  with  me  that  they  have  talcen  a 
very  important  place  iu  the  saving  of  the  lives  of  the  rescuers. 

G.  S.  Rice.  The  bird  Is  of  great  value  in  closing  off  fire  areas.  At  such  times 
you  all  know  from  experience  it  Is  always  found  necessary  for  men  to  do  work 
in  bad  air.  By  the  use  of  a  bird  a  man  with  a  breathing  apparatus  can  go 
in  to  the  point  where  the  work  must  be  done,  test  the  atmosphere  with  the  bird, 
and  determine  Its  safety  or  danger.  Besides,  the  bird  can  be  retained  by  the 
men  so  doing  the  work,  and  any  change  of  the  atmosphere  may  be  quickly  noted 
by  the  effects  on  the  bird. 

The  secretary  announced  that  question  No.  2  and  question  No.  4  of 
Section  F  of  the  preliminary  program  had  been  referred  to  the 
sreneral  conference. 

Dr.  A.  F.  Knoefel.  In  regard  to  the  program  subjects  2  and  4,  "  Phjrsiological 
effect  of  pressure  on  the  head  due  to  wearing  helmet;  physiological  effect  of 
pressure  of  nose  clip,'*  and  the  "  Diet  of  men  doing  training  work,"  we  might 
talk  all  morning  and  arrive  at  no  conclusion.  In  a  matter  of  this  kind  only 
definite  information  based  upon  careful  experiment  is  of  any  value.  Therefore, 
I  move  you  that  the  Cliair  appoint  a  committee  of  three  doctors  and  three  rescue 
men  to  report  at  the  next  meeting  of  this  conference  upon  the  physiological 
effect  of  the  pressure  of  the  helmet  and  the  proper  diet  for  mine  rescue  men. 

The  motion  was  seconded  and  carried  unanimously. 

DISCUSSION  ON  RESOLUTIONS  OFFERED  BY  COMMITTEE  2,  RBSCUB 

OPERATIONS. 

The  Chairman.  Before  proceeding  with  the  reading  of  the  startling  array 
of  details  contained  in  the  resolutions  of  this  committee,  I  call  your  attention 
to  the  fact  that  the  members  of  this  committee  are  men  of  wide  experience 
in  mining  operations,  and  they  have  undoubtedly  adopted  only  such  resolutions 
as  their  practical  exx)erience  would  seem  to  commend. 

G.  S.  Rice.  I  believe  it  was  Napoleon  who  said,  "An  army  travels  on  its 
stomach,"  and  since  resolution  9,*»  as  offered  by  the  committee,  is  so  complete 
I  would  suggest  that  it  be  made  to  cover  the  provision  of  a  satisfactory  com- 
missary at  mines  where  disasters  have  occurred.  I  myself  have  often  seen 
ill  effects  of  the  failure  to  provide  proper  food  for  those  who  are  ^gaged  In 
rescue  work. 

I  have  in  mind  a  recent  disaster  where  no  provision  was  made  for  food  and 
Khelter  for  the  men,  and  besides  the  overwhelming  conditions  they  confronted 
in  the  mine  they  were  more  seriously  handicapped  by  this  item  of  subsistence. 
After  some  time  the  Red  Cross  api>eared  on  the  scene  and  furnished  relief  in 
this  matter,  and  later  it  was  strengthened  by  some  local  organisations.  I 
l)elieve  that  this  matter  is  so  important  that  It  should  receive  ^>ecial  consider- 
ation, and  one  of  the  things  which  occurs  to  my  mind  is  the  satisfactory 

•  See  p.  13. 
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tniDsportation  of  foodstuffs  from  the  outside  to  those  who  are  working  in  the 
mine. 

ATHEirTON  Bo  WEN.  I  believe  that  the  committee's  action  on  resolution  9  is 
reiy  good  as  far  as  it  goes,  but  I  have  read  Mr.  Garforth's  **  Recovery  of  Mines 
after  Fires  and  Explosions/*  and  many  of  the  things  of  value  contained  therein 
are  omitted  in  this  report  of  the  committee.  I  should  thinlc  a  report  of  this 
kind  should  receive  more  deliberation  and  that  Garforth  as  well  as  other 
literature  on  the  matter  should  be  consulted  before  such  a  re];)ort  is  made. 

Austin  King.  I  have  read  Mr.  Garforth's  work  and  from  my  experience 
many  of  his  rules  do  not  apply  to  American  conditions.  I  call  especial  atten- 
tion to  article  2  of  the  ninth  resolution,  which  reads  as  follows :  "  There  should 
be  a  man  in  charge  of  outside  arrangements  who  should  see  that  the  fan  is 
pot  in  readiness  for  operation  wben  required.''  I  suggest  that  instead  of 
the  words  "  the  fan  is  "  we  change  to  "  ventilation  appliances  are."  In  regard 
to  Mr.  Rice's  suggestion,  I  suggest  that  section  6,  which  is  as  follows :  "  Proper 
provision  to  be  made  to  take  care  of  parties  engaged  in  rescue  work,"  be  made 
to  read.  "  Proper  food  and  shelter  should  be  provided  for  parties  engaged  In 
rescue  work."  Under  "Inside  Organization"  I  would  reverse  the  order  of 
the  last  two  squads,  making  the  material  squad  follow  inmiediately  after  the 
temporary-ventilation  squad,  which  it  seems  to  me  is  the  practical  order.  As 
reported  by  the  committee  this  portion  of  the  resolution  reads,  "  The  squads 
are  to  advance  in  the  following  order:  (o)  Helmet  or  advance  squad,  (h) 
stretcher  squads,  (c)  temporary  ventilation  squad,  (d)  more  permanent  venti- 
lation squad,  (e)  material  squad." 

Athebton  Bowen.  I  did  not  mean  to  say  that  Mr.  Garforth's  book  was  to  be 
accepted  as  a  whole,  but  it  does  seem  to  me  that  we  are  laying  down  a  set  of 
rules  here  with  too  little  deliberation — only  two  days'  time. 

The  Chauuian.  I  assume  that  practically  all  of  the  members  of  the  com- 
mittee are  familiar  with  Mr.  Garforth's  book  and  that  after  a  sifting  process 
have  recommended  only  those  things  which  they  think  are  of  importance  to  our 
conditions. 

J.  P.  Reese.  The  committee  did  not  consider  that  they  were  writing  the  last 
word  on  this  subject;  they  simply  attempted  to  get  a  starting  point.  Every- 
thing we  do  here  is  embryonic.  We  realize  that  if  we  go  into  details  we  could 
create  an  encyclopedia  on  this  subject  and  then  in  the  event  of  a  disaster 
occurring  we  wouldn't  know  where  to  find  the  book  of  rules.  The  only  idea  of 
these  few  simple  rules  is  to  create  an  interest  among  mining  officials  and  mine 
workers  in  this  work.  If  these  resolutions  are  read  by  a  man  he  v:\l\  cer- 
tainly remember  that  in  the  event  of  a  disaster  the  first  thing  to  do  is  to 
organize  his  top  work  and  protect  his  openings  and  be  ready  for  the  prosecution 
of  the  inside  recovery  work  as  soon  as  volunteers  or  his  neighbors  arrive. 

I  ssrmpathize  with  Mr.  Rice  in  the  position  he  has  taken  iu  regard  to  sub- 
sistence. The  best  we  have  usually  around  a  mining  camp  is  a  fourth-rate 
boarding  house,  but  to  one  who  has  read  these  rules  It  would  certainly  occur 
to  Ills  mind  that  he  would  advise  this  boarding  house  to  lay  in  a  list  of  sup- 
plies to  take  care  of  the  emergency.  These  rules  are  intended  to  be  only  a 
starting  point  and  it  is  undoubtedly  true  that  within  the  next  year  investigation 
will  serve  to  prove  that  we  are  wrong  in  many  of  the  things  that  we  have 
already  suggested.  It  seems  to  me  that  there  is  a  danger  in  suggesting  too 
much  and  that  if  we  publish  only  a  few  simple  rules  that  are  proven  by  prac- 
tice this  work  will  do  its  best  service  to  the  mining  public.  I  now  move  you 
that  the  three  corrections  suggested  by  Mr.  King  be  incorporated  in  the  report 
on  resolution  9. 

The  motion  was  seconded  and  carried  unanimously. 
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J.  W.  Paul.  In  section  a  of  the  second  article  under  "  Inside  Org^aniasatlon,*' 
which  reads  "Helmet  or  advance  squad,"  I  would  suggest  that  "breathing 
apparatus'*  be  substituted  for  the  word  "helmet,*'  which  is  more  or  less  mis- 
leading. 

Charles  Enzian.  I  have  noticed  frequently  in  these  proceedings  that  the 
word  "helmet"  is  used  when  "breathing  apparatus"  is  intended  and  in  order 
to  avoid  confusion  I  move  you  that  "breathing  apparatus"  be  accepted  by  this 
conference  as  the  proper  designation  for  mine-rescue  apparatus.  In  this  way 
we  shall  avoid  any  confusion  and  the  \^ord  "helmet"  may  l>e  retained  as  it 
was  originally  intended,  as  that  part  of  the  apparatus  which  is  worn  on  the 
head. 

The  amendment  was  carried  unanimously  and  the  secretary  was 
instructed  to  make  the  necessary  change  in  the  resolution. 

Resolution  10  was  read,  as  follows : 

''  The  maximum  distance  rescue  crews  should  proceed  beyond  fresh 

air:  We  recommend  that  owing  to  the  different  conditions  in  different 

mines  and  the  hazardous  work  undertaken,  this  question  should  be 

left  to  the  decision  of  the  captain  in  charge,  in  conjunction  with  the 

mine  officials  and  the  probability  of  being  able  to  save  human  life, 

using  the  time  limit  on  all  explorations." 

Austin  King.  I  suggest  that  in  i^esolution  10  the  word  *' captain,**  which  la 
not  generally  understood,  be  replaced  by  the  word  "oflk;ial,**  and  this  be  made 
to  read  **  official  in  immediate  charge." 

The  secretary  was  directed  to  make  the  change  as  suggested. 

Dr.  A.  F.  Knoefel.  I  move  you  that  consideration  of  the  program  subjects 
G,  5  and  6,  "Cumulative  Effect  of  Inhaling  Poisonous  Gases"  and  "Use  of 
Stimulants,"  which  have  not  been  reported  on  by  this  committee;  be  referred 
to  the  executive  conunittee  for  action. 

The  motion  was  adopted  unanimously. 

DISCUSSION  ON  BESOLUnONS  OFFBRED  BY  GOMMITTBB  3,  SAFETY 

LAMPS  AND   ELECTBIC  LAKPS. 

The  secretary  read  resolution  13,  as  follows:  "Only  such  safety 
lamps  and  electric  lamps  as  have  passed  the  tests  of  the  United  States 
Bureau  of  Mines  should  be  used." 

J.  W.  Paul.  I  would  suggest  the  insertion  of  the  word  "types,"  so  as  to 
make  this  resolution  read  "  only  such  types  of  safety  lamps." 

The  secretary  was  ordered  to  make  such  change. 

G.  H.  Hawes.  I  suggest  that  this  resolution  does  not  necessarily  apply  to 
metal  mines,  where  we  are  not  troubled  with  explosive  gases. 

Austin  Kino.  Mr.  Hawes  should  read  of  the  experience  of  Sir  Le  Neve 
Foster  and  Dr.  Haldane  in  regard  to  some  fires  in  Bngllsh  metal  mines.  As 
I  remember  it,  a  large  part  of  these  reports  was  made  up  of  their  investiga- 
tions in  regard  to  the  carbon  monoxide  present. 

Q.  H.  Hawes.  Weren*t  those  mines  sulphide  mines? 

Austin  Kino.  I  do  not  remember  as  to  the  class  of  ore,  but  the  report  I 
speak  of  I  know  concerned  largely  the  tin  mines  of  Cornwall  and  the  lead 
mines  at  Sneafell,  Isle  of  Man. 
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6.  S.  Rice.  The  only  trouble  we  have  had  In  our  western  mines  Is  from  the 
fires  in  tlie  sulphide  ores,  which  of  course  do  not  create  an  explosive  gas.  So 
fir  as  I  know,  no  explosions  have  ever  occurred  from  the  products  of  a  timber 
firt 

Tbe  Chaibican.  The  question  involved  is  that  of  safety  lamps,  and  it  seems 
tf>  me  that,  as  Mr.  Hawes  suggests,  in  metal  mines  this  resolution  should  not 
prevaiL 

Austin  King.  It  might  meet  the  objection  to  strike  out  the  word  "and'* 
ifter  **  safety  lamps  "  and  substitute  the  word  "  or." 

J.  W.  Paul.  This  is  being  considered  under  the  heading  of  '*  Use  of  lamps 
in  mine  rescue  and  recovery  work."  To  provide  for  the  metal  mines  it  could  be 
&maided  by  starting  out  with  the  Insertion  of  the  words  "  in  coal  mines." 

ArsTiN  King.  In  view  of  Mr.  Paul's  suggested  change  I  withdraw  my  objec- 
tion in  regard  to  the  substitution  of  the  word  "  or  "  after  "  safety  lamps."  I 
alao  second  Mr.  Paul's  motion  in  regard  to  the  change  in  this  resolution. 

The  motioii  was  passed  unanimously. 

6.  H.  Hawes.  I  should  like  to  know  whether  sulphur  dioxide  in  certain 

quantities  is  explosive. 

G.  S.  Rice.  It  is  my  opinion  that  sulphur  dioxide  is  not  explosive,  but  that 
a  certain  quantity  of  hydrogen  sulphide  might  be  formed  from  sulphide  ores 
wliich  would  be  explosive  under  certain  conditions.  I  suggest  that  our  chemist, 
6.  A.  Burrell,  be  asked  as  to  the  explosibillty  of  the  gases  in  question. 

DISCUSSION  ON  BE80LUTI0NS  OFFNRED  BY  COMHITTBS  4,  PIBST- 

AID  METHODS. 

The  secretary  read  resolution  18,  as  follows : 

"Be  it  further  resolved  that  it  is  the  concensus  of  opinion  of  this 
committee  that  a  man  injured  with  a  broken  back  should  be  handled 
with  as  little  movement  as  possible.  If  found  in  any  other  than  a 
recumbent  position  he  should  be  kept  in  that  position ;  if  found  in  a 
recumbent  position  apply  posterior  splints  extending  from  head  to 
feet  or  lay  upon  rolled  blankets." 

After  some  discussion  by  the  doctors  it  was  agreed  that  the  rolled 
blankets  referred  to  in  this  resolution  were  to  be  laid  parallel  to 
the  spinal  column  to  prevent  the  contact  of  the  spinal  column  with 
any  external  material  in  case  the  patient  was  found  in  a  recumbent 
position ;  in  case  the  patient  was  found  in  any  other  than  a  recumbent 
position  the  use  of  rolled  blankets  was  not  to  apply.  In  case  splints 
were  not  at  hand  the  blankets  were  to  be  rolled  upon  some  such 
object  as  a  drill  bit,  the  patient  to  be  laid  thereon,  placed  on  the 
stretcher,  and  firmly  bound  to  the  stretcher. 

Dr.  A.  F.  Knoefel.  I  move  that  the  latter  part  of  resolution  18  be  changed  to 
read :  '^A  patient  with  a  broken  back  should  be  handled  with  as  little  movement 
as  possible.  If  found  in  any  other  than  a  recumbent  position  he  should  be  kept 
in  that  position.  If  found  in  a  recumt)ent  position,  posterior  splints,  well  padded, 
eiteoding  from  head  to  feet,  should  be  applied,  or  the  patient  should  be  laid 
npon  rolled  blankets  extending  along  either  side  of  the  spinal  colunm,  and  the 
patient  should  be  firmly  fixed  to  the  stretcher. 

The  amendment  was  carried. 
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The  secretary  read  resolution  19,  as  follows: 

^'  Be  it  further  resolved  that  it  is  the  consensus  of  opinion  of  this 
committee  that  in  the  treatment  of  all  fractures  of  all  long  bones  it 
is  necessary  to  apply  splints  long  enough  to  fix  the  joint  above  and 
below  the  fracture.  For  example,  if  there  is  a  fracture  of  the  tibia 
you  have  to  apply  the  splints  so  that  they  extend  below  the  ankle*and 
above  the  knee.  Be  it  further  resolved  that  long  splints  are  to  be 
recommended  in  the  fractures  of  the  lower  limbs." 

Dr.  R.  F.  McHenby.  I  suggest  that  the  word  "  tibia  **  be  replaced  by  the  word 
*•  leg." 

Dr.  W.  S.  RouNTSEE.  We  came  to  the  conclusion  at  our  committee  meeting 
that  a  first-aid  man  ought  to  know  what  the  tibia  is,  and  if  be  does  not  he  is 
perhaps  incapable  of  doing  first-aid  work. 

Dr.  A.  F.  Knoefel.  A  certain  education  in  this  work  is  needed,  and  a  man 
who  does  not  know  the  forearm  from  the  arm  or  the  leg  from  the  thigh  is,  In 
my  opinion,  absolutely  incompetent  for  first-aid  work;  but  I  am  willing  to. 
accept  Dr.  McHenry's  suggestion  to  call  it  a  leg. 

There  being  no  objection,  the  secretary  was  ordered  to  make  this 
correction. 

The  secretary  read  resolution  21,  as  follows:  "The  triangular 
bandage  should  be  used  in  preference  to  the  roller  bandage. ^^ 

Dr.  W.  S.  RouNTBEE.  We  have  always  taught  the  use  of  both  the  triangular 
and  the  roller  bandage.  We  often  find  a  case  in  the  mine  where  roller  bandages 
are  at  hand  but  there  are  no  triangulars.  In  such  an  event  a  first-aid  man 
trained  in  the  use  of  the  triangular  only  is  at  a  loss  to  know  how  to  apply  the 
proper  dressing. 

Dr.  A.  F.  Knoefel.  The  idea  in  adopting  this  resolution  was  that  it  would 
be  a  guide  in  our  work  in  contests.  It  does  not  mean  that  a  first-aid  man 
should  not  be  taught  the  correct  use  of  the  roller  bandage,  but  this  instruction 
should  not  be  given  until  after  he  has  shown  sufficient  skill  in  the  use  of  the 
elementary  triangular  bandage.  For  the  first  course  In  bandaging,  I  believe 
that'  the  triangular  is  to  be  preferred. 

The  Chairman.  We  should  bear  in  mind  that  we  are  considering  the  matter 
of  first-aid  methods  and  not  of  first-aid  contests. 

Dr.  M.  J.  Shields.  In  making  the  rules  which  have  been  adopted  rather  gen* 
erally  for  contests,  there  is  one  which  reads  like  this:  *' Equal  credit  will  be 
given  for  the  correct  use  of  either  the  roller  or  the  triangular  bandage."  This 
rule  has  been  very  generally  accepted. 

Dr.  W.  S.  RouNTBEE.  If  this  resolution  is  not  to  affect  first-aid  contests  I 
heartily  agree  with  Dr.  Knoefel  that  the  triangular  bandage  is  much  more 
easily  applied  by  those  who  know  but  little  of  first  aid. 

Dr.  R.  T.  McHenbt.  We  should  keep  in  mind  the  man  wfio  is  injured  in  the 
mine.  The  preference  for  the  triangular  bandage  is  based  on  its  simplicity 
and  efficiency,  and  if  we  do  not  believe  that  this  bandage  should  be  given  prefer- 
ence on  account  of  its  simplicity  and  efficiency  for  the  immediate  help  of  a 
man  who  is  Injured,  we  have  no  Hght  to  recommend  it. 

The  Chairman.  If  no  amendments  are  offered  to  this  resolution  I  shall 
instruct  the  secretary  to  read  them  as  read  in  the  permanent  report  of  the 
committee. 
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The  secretary  read  resolution  26,  as  follows : 

"  Be  it  further  resolved  that  it  is  the  opinion  of  this  committee 
that  in  moving  an  injured  man  he  should  be  handled  by  the  first-aid 
corps  on  the  ^me  side  as  his  injury;  in  other  words,  the  injured 
side  should  be  next  to  the  man  lifting  the  injured  patient.  Be  it 
further  resolved  that  the  injured  man  should  have  the  right  of  way 
from  the  place  where  he  received  the  injury  to  the  top  of  the  shaft, 
or  the  mouth  of  the  slope,  in  all  cases.'^ 

W.  D.  BoBEBTS.  Some  mines  do  not  have  a  abaft  or  a  slope;  they  are  drift 
mines ;  and  I  suggest  that  this  be  made  to  read  "  to  the  snrface  **  instead  of 
**  to  the  shaft  or  mouth  of  the  slope.'* 

There  being  no  objection,  the  secretary  was  directed  to  make  the 
change. 

H.  R.  Owens.  In  the  event  of  injury  to  several  men  it  might  be  necessary 
to  bring  rescue  appliances  and  rescue  men  from  the  surface,  and  in  this  event 
I  do  not  believe  it  would  do  any  harm  to  allow  the  injured  to  wait  until  such 
reenfoTcements  arrive. 

Austin  Kino.  I  beUeve  that  "  a  bird  in  the  hand  is  worth  two  in  the  bush,*' 
and  that  we  ought  to  take  care  of  the  one  we  have  and  give  him  the  right  of  way. 

Besolution  26  was  passed  without  further  objection. 

The  secretary  read  resolution  27 : 

"  Be  it  further  resolved  that  this  committee  would  recommend,  if 
this  organization  is  perfected,  that  a  committee  of  seven  persons — 
two  first-aid  men,  two  operators,  two  physicians,  and  one  repre- 
sentative of  the  Bureau  of  Mines — ^be  appointed  to  act  as  an  ad- 
visory board  or  as  an  executive  board.  This  committee  will  have 
the  power  to  accept  or  reject  any  new  dressings  that  may  be  offered 
in  any  field  contest." 

Dr.  A.  F.  Knoefix.  I  was  chairman  of  this  committee,  and  resolution  27  is 
to  be  effective  only  in  the  event  of  the  establishment  of  a  permanent  organiza- 
tion. The  allotment  of  this  committee  among  men  with  special  training  in 
various  Unes  of  mining  may  be  changed  if  our  allotment  does  not  meet  the 
approval  of  this  conference.  It  wiU  be  the  duty  of  this  committee  to  accept 
or  reject  any  new  ideas  or  dressings  that  may  originate  in  any  field  contest  or 
in  the  ordinary  course  of  training  for  first  aid. 

The  Chaibman.  Would  it  be  agreeable  to  the  chairman  and  to  the  members 
of  committee  4  if  the  resolution  (No.  27)  be  changed  so  that  it  may  be -referred 
to  the  executive  committee  of  the  permanent  organization? 

Dr.  A.  F.  KiTOEFEL.  I  scarcely  believe  it  policy  to  burden  the  executive  com- 
mittee with  the  work  designateil  in  resolution  27.  The  executive  committee 
will  enter  upon  its  duties  immediately,  but  the  committee  referred  to  in  reso- 
lution 27  should  be  appointed  only  after  the  permanent  organization  has  been 
established. 

J.  W.  Paul.  I  make  a  motion  that  resolution  27  be  referred  to  the  committee 
on  permanent  organization  for  its  consideration. 

The  motion  was  seconded  by  C.  G.  Brahm  and  carried. 
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Dr.  R.  F.  McHeney.  I  call  attention  again  to  resolution  20,  which  reads  as 
follows:  "A  first-aid  man  should  not  be  allowed  to  reduce  a  dislocation."  I 
want  to  amend  that  to  read,  "  except  dislocations  of  the  lower  Jaw  or  a  finger.'* 

Dr.  M.  J.  Shields.  I  would  suggest  a  change  in  the  text  of  the  resolution 
as  it  stands,  in  that  it  should  read,  **  It  should  not  be  the  duty  of  a  first-aid 
man  to  reduce  a  dislocation." 

Dr.  W.  S.  RouNTREE.  I  still  believe  that  the  motion  as  it  now  stands  should 
prevail.  In  this  day  of  enlightenment  you  can  get  a  physician  in  most  any 
mining  camp  in  from  15  minutes  to  an  hour's  time.  The  first-aid  man  does 
not  know  how  to  diagnose  the  symptoms  of  a  dislocation,  and  it  is  my  expert- 
ence  that  he  will  oftentimes  mutilate  the  ligaments  and  leave  the  injury  in 
far  worse  condition  than  it  would  have  been  if  he  had  done  nothing  at  all 
with  it 

T.  B.  DiLTS.  I  think  with  Dr.  Shields  that  the  words,  "  It  should  not  be  the 
duty  of"  would  cover  that,  instead  of  "A  first-aid  man  should  not  be  allowed 
to."  Then  in  the  event  of  a  first-aid  man  being  competent  to  reduce  a  dis- 
location he  would  feel  free  to  do  so,  and  thus  relieve  the  suffering  at  once. 
If,  on  the  other  hand,  he  should  feel  incompetent  through  lack  of  experience 
he  would  fix  the  Joint  in  position  and  allow  the  dislocation  to  be  reduced  by 
the  physician. 

Dr.  R.  F.  McHenby.  I  move  you  that  the  resolution  be  made  to  read,  "It 
should  not  be  the  duty  of  the  first-aid  man  to  reduces  dislocation  except  of 
the  lower  Jaw  or  a  finger." 

The  motion  was  seconded  by  Mr,  Reese.  ^ 

The  Chairman.  With  the  permission  of  Dr.  McHenry  I  shall  first  put  a 
motion  to  amend  the  resolution  as  it  stands  to  read,  "  It  should  not  be  the  duty 
of  a  first-aid  man  to  reduce  a  dislocation,"  instead  of  "A  first-aid  man  should 
not  be  allowed  to  reduce  a  dislocation." 

The  motion  was  carried  imanimously. 

The  Chairman.  I  shall  now  put  a  motion  to  amend  the  resolution  still  fur- 
ther to  read,  "  It  should  not  be  the  duty  of  n  first-aid  man  to  reduce  a  dislo- 
cation except  of  the  lower  Jaw  or  a  finger." 

The  motion  was  put,  with  the  result  that  16  voted  in  the  affirma- 
tive, and  16  in  the  negative. 

Dr.  A.  F.  Knoefel.  If  it  meets  with  Dr.  McHenry*s  approval,  I  should  like 
to  add  the  word  "simple,"  making  his  amendment  read,  "Except  in  the  case 
of  a  simple  dislocation  of  the  lower  Jaw  or  of  a  finger."  It  is  easy  for  first- 
aid  men  to  identify  a  simple  or  a  compound  dislocation,  and  it  is  my  opinion 
that  he  should  reduce  the  simple  dislocation  and  do  nothing  with  the  compound 
dislocation  except  to  apply  the  compress  dressing. 

Dr.  W.  S.  RouNTREE.  I  still  Uisist  that  the  ordinary  first-aid  man  is  incom- 
petent to  Judge  the  difference  between  a  compound  and  a  simple  dislocation. 
Consequently  it  is  better  to  advise  that  it  is  not  his  duty  to  reduce  any  disloca- 
tion ;  then  in  the  event  of  a  simple  dislocation  there  will  not  be  much  cumula- 
tive effect  due  to  Its  nontreatment,  and  In  the  event  of  a  compound  dislocation 
It  win  be  very  much  better  and  more  easily  treated  when  the  patient  gets  In  a 
doctor's  hand& 

Dr.  R.  F.  McHenry.  The  diagnosis  of  a  dislocation  is  very  irimple  Indeed. 
Most  any  first-aid  man  knows  that  In  a  compound  fracture  you  have  a  hole 
extending  from  the  outside  down  to  the  fractured  bone,  and  that  in  a  simple 
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fracture  yon  do  not  Probably  no  dislocation  is  so  easy  to  Identify  as  a  dislo- 
cation of  the  lower  Jaw,  and  none  Is  so  easily  reduced  If  It  Is  attended  to 
promptly.  There  is,  however,  no  dislocation  so  painful  as  that  of  the  lower  jaw 
if  it  is  not  treated  at  once;  and  because  of  the  simplicity  of  diagnosis  and  of 
treatment,  I  believe  it  should  be  within  the  province  of  the  first-aid  man  to 
reduce  a  simple  dislocation. 

The  Chatbman.  Will  some  of  the  first-aid  miners  debate  the  motion? 

C.  O.  ROB13TS.  I  was  down  In  West  Virginia  last  winter  in  some  isolated 
mining  camps,  places  at  which  the  services  of  the  physician  could  not  be  ob- 
tained quicker  than  from  one  to  three  hours,  and  in  conversation  with  mining 
smg^eons  I  found  that  they  all  agreed  that  the  reduction  of  a  simple  fracture 
of  the  lower  Jaw  is  a  simple  matter,  and  that  the  first-aid  man  should  be 
taught  to  reduce  It. 

W.  D.  RoBEBTS.  I  am  very  much  in  favor  of  permitting  those  first-aid  men 
who  have  superior  Intelligence  to  reduce  a  simple  dislocation  of  the  lower  Jaw 
or  of  a  finger.  Dr.  Rountree  has,  perhaps,  had  experience  in  teaching  the  work 
of  first  aid  to  colored  and  to  foreign  laborers,  and  with  that  type  of  men  I 
believe  the  teaching  should  advise  against  the  treatment. 

The  amendment  was  passed  by  a  vote  of  19  to  13. 
It  was  then  moved  and  voted  mianimously  that  the  resolutions  of 
the  committee  as  amended  be  adopted. 

DISCUSSION  ON  RESOLUTIONS  OFFEBED  BY  COMMITTEE  5,  FIBST- 

AIB  TBAINING. 

Clabence  Hall.  Before  we  proceed  further  I  should  like  to  report  from  G.  A. 
Burrell,  the  gas  chemist  of  the  Bureau  of  Mines,  as  to  the  ezplosibility  of  gases 
pven  off  from  sulphide  ores.  Sulphur  dioxide  (SOa)  is  of  course  nonexplosive, 
but  a  certain  amount  of  hydrogen  sulphide  (HsS)  may  be  generated  from  sul- 
phide ores,  and  this  is  an  explosive  gas,  forming  HaO  and  SOa  upon  combustion. 
However,  it  is  usually  found  in  a  small  quantity  only  and  the  amendment  of  reso- 
lution 13  as  to  the  electric  and  safety  lamps  for  use  in  metal  mines  should  stand 
as  it  is  at  present 

J.  J.  RuTLEDGE.  I  suggest  that  in  adopting  the  resolution  which  Mr.  Hall 
mentions,  as  it  stands,  we  are  excepting  one  class  of  mining  where  all  the  pre- 
cautions necessary  in  coal  mining  must  be  taken — ^that  is,  asphalt  mining, 
where  inflammable  gas  and  dust  occur  and  where  already  one  great  disaster  has 
happened. 

The  chairman  announced  that  without  objection  resohition  13 
would  stand  adopted  without  further  amendment. 

The  secretary  read  resolution  30  as  follows: 

"  Successful  first-aid  work  at  mines  must  have  the  personal  interest 
of  the  company  officials,  the  financial  support  of  the  mining  com- 
pany, and  the  cooperation  of  the  mine  physician,  surgeons,  and  em- 
ployees." 

Austin  King.  I  should  like  to  ask  what  is  intended  by  "  financial  support  of 
the  mining  company." 

Dr.  A.  F.  Knoefel.  There  are  various  little  expenses  connected  with  first-aid 
work,  such  as  the  purchase  of  the  necessary  supplies  to  be  used  in  training,  the 
purchase  of  first-aid  materials  for  the  first-aid  stations  underground,  the  pay- 
ment of  expenses  of  the  first-aid  team  to  and  from  the  points  of  the  contests. 
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This  is  the  financial  support  which  the  results  of  first-aid  work  justify  the  com- 
pany in  giving,  and  without  this  financial  support  first-aid  work  will  never  be 
u  success  at  any  mining  center. 

The  secretary  was  directed  to  read  resolution  31^  as  follows: 

"  Every  mine  should  have  a  sufficient  number  of  first-aid  men  on 

duty  to  take  care  of  any  injured  persons  throughout  the  24  hours  of 

the  day." 

Austin  King.  I  believe  that  some  modification  of  the  phraseology  of  the 
resolution  should  be  made  to  suit  the  condition  where  only  a  very  few  men  are 
employed  on  the  night  shift.  In  the  event  of  large  repair  gangs  being  employed 
at  night  the  instructions  of  this  resolution  would  be  practical,  but  where  only 
two  or  three  men  are  employed  underground  at  night  I  doubt  the  practicability 
of  the  resolution. 

Dr.  A.  F.  Knoefel.  The  Idea  of  this  resolution  was  not  to  fix  any  definite 
number  of  first-aid  men  required  to  a  certain  definite  number  of  men.  The 
Intention  was  that  each  oi)erator  should  Judge  his  own  conditions  and  make  his 
own  decision  as  to  the  number  of  first-aid  nffen  he  would  require.  We  have  so 
framed  this  resolution  that  it  is  liberal  in  this  respect.  If  we  should  have 
named  a  definite  nimiber  of  first-aid  men  as  being  desirable  among  each  100 
employees,  for  instance,  a  mining  company  would  be  open  to  censure  if,  in  the 
event  of  a  disaster,  it  could  be  determined  that  such  a  number  of  first-aid  men 
had  not  been  provided.  We  already  have  too  many  of  that  undesirable  class, 
known  as  "  ambulance  chasers,"  and  it  is  our  desire  to  give  them  as  little  food 
for  scandal  as  is  possible. 

The  resolutions  presented  by  committee  were  passed  unanimously 
as  amended. 

The  Secbetaby.  At  the  bottom  of  the  report  of  committee  5  I  find  a  notation 
to  the  effect  that  the  report  on  hospitals,  which  was  to  be  made  by  committee 
7,  is  the  result  of  Joint  action  by  committees  5  and  7,  and  since  that  result  is 
attached  hereto  I  believe  it  would  be  well  to  consider  the  resolution  which  per- 
tains to  hospitals  at  this  time. 

The  secretary  then  read  resolution  36,  as  follows: 
"  Underground  surgical  hospitals  are  unnecessary,  but  there  should 
be  deposited  at  different  points  in  the  mine  a  sufficient  number  of 
first-aid  packets  properly  equipped  with  first-aid  emergency  dressing. 
In  addition  there  should  be  located  a  sufficient  number  of  first-aid 
dressing  stations  at  the  bottom  and  immediate  surface  opening  of 
the  mine.'' 

,    Austin   King.  I   think   the   word  "  and  '*   In   the   last   sentence   should   be 
made  "or." 

Dr.  A.  F.  Knoefel.  As  chairman  of  this  committee  I  wish  to  say  that  we 
anticipated  the  suggestion  of  this  change,  but  we  do  not  agree  to  it  Many 
men  are  injured  on  the  top,  and  they  require  immediate  attention,  and  we 
should  not  be  compelled  to  bring  llrst-aid  materials  from  the  mine  and  inter- 
rupt operations  in  order  to  give  such  men  proper  attention.  Also  many  men 
are  injured  in  the  immediate  vicinity  of  the  shaft  bottom,  which  is  generaUy 
accepted  as  one  of  the  busiest  points  in  a  mine.  It  is  very  necessary  to  have 
supplies  Immediately  at  hand  to  talce  care  of  the  accidents  that  are  bound 
to  occur  at  this  point. 
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Austin  Kiitg.  The  difference  between  the  bottom  of  the  shaft  and  the  sur- 
(ace  is  only  one-half  minute.  I  am  not  pleading  for  my  own  company,  for  in 
3x»t  Instances  we  have  complete  hospital  rooms,  steam  heated  and  supplied 
with  hot  and  cold  water,  both  at  the  bottom  and  at  the  top;  but  I  do  believe 
that  it  is  an  injustice  to  ask  a  small  operation  to  prepare  suitable  conveniences 
at  both  the  top  and  the  bottom  where  there  is  only  a  half  minute^s  time  be- 
tween the  two. 

Dr.  W.  S.  RouNTBEE.  I  heartily  agree  with  Mr.  King.  Ordinarily,  If  a  man 
i<  injured  in  our  mines  first-aid  materials  are  brought  to  the  scene  of  the 
iiju-y  and  he  is  skillfully  treated  by  the  first-aid  man,  placed  on  an  ambulance 
car.  which  Is  promptly  taken  to  the  surface,  and  in  the  dressing  room  on  the 
Fcrface  he  awaits  the  arrival  of  the  ambulance. 

G.  S.  Rice.  I  believe  it  is  a  good  plan  to  have  a  small  station  at  the  bottom 
and  a  more  complete  station  on  the  top.  It  is  not  always  possible  to  get  the 
cage  quickly  when  you  want  it,  and  the  injured  man  is  compelled  to  wait  in  a 
^rrong  draft  of  cold  air.  A  very  happy  arrangement  is  to  combine  the  Imder- 
imound  office  and  the  ho^ital  In  one  room. 

J.  P.  Reese.  I  liave  found  the  underground  hospital  at  the  shaft  bottom  to 
he  very  important.  In  the  case  of  many  men  injured  below,  when  a  quantity 
"f  supplies  Is  needed  on  any  particular  entry  it  forms  a  base  of  supplies  from 
which  materials  can  be  quickly  dispatched   with   the  minimum   amount  of 

CJDfUSiOII. 

I>r.  A.  F.  Khoefel.  The  resolution  was  framed  so  as  to  be  lenient  with  the 
mining  company  in  the  way  of  expense.  You  note  that  we  do  not  recommend 
pxtenslve  underground  hospitals,  but  all  chat  we  do  ask  is  a  room  at  the 
liottom  where  the  man  may  be  placed  upon  a  cot,  removed  from  the  excitement 
(«f  mules,  motors,  and  men. 

W.  D.  Roberts.  I  remember  where  several  men  were  injured  underground 
when  the  cage  rope  broke.  The  first-aid  men  descended  by  means  of  ladders 
and  took  care  of  the  injured  men.  but  there  was  no  available  underground 
station  and  the  injured  men  suffered  greatly  because  they  could  not  be  hoisted 
for  several  hours. 

Jesse  Hehson.  The  anthracite  law  requires  that  there  be  a  hospital  situated 
Hndergronnd  and  another  at  the  surface. 

AusTiK  KiiTo.  What  we  are  trying  to  recommend  is  a  resolution  adapted  to 
the  great  bulk  of  operations. 

Dr.  R.  F.  McHenbt.  It  has  been  reported  to  this  committee  that  there  is  In 
this  Immediate  district  a  very  complete  underground  hospital,  equipped  with 
everything  but  surgical  instruments.  Now,  this  Is  the  thing  we  want  to  con- 
demn, for  it  is,  perhaps,  an  unnecessary  expense;  but  what  we  do  ask  for  is 
not  merely  a  hole  in  the  wall  but  a  room  properly  lighted  and  heated,  with  hot 
and  cold  water — ^a  brick  or  cement-lined  first-aid  station.  This  can  be  con- 
structed at  a  very  reasonable  expense,  and  its  value  is  equal  to  that  of  the 
ebiborately  equipped  underground  hospital.  "    '' 

Chables  Ehzian.  I  move  that  the  resolution  of  liti^^Kied  to  read  that  "  if 
practicable"  first-aid  stations  should  be  installed  ]«>«.t«LU.« bottom  of  the  mines. 

4 

The  motion  was  not  seconded. 

J.  W.  Paul.  I  move  that  the  word  "  surgical "  be  inserted  previous  to  the 
word  •*  hospital." 

Mr.  Paul's  motion  was  put  and  carried. 

The  original  resolution  as  amended  by  Mr.  Paul  was  passed. 

W.  D.  RoBEBTs.  I  would  like  to  amend  the  resolution  to  read,  "EMrst-aid 
rooms  properly  equipped  should  be  placed  at  the  bottom  and  at  the  top.** 
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"  Equipment "  would  include  blankets  and  stretchers,  and  it  would  not  be 
necessary  to  have  stretchers  all  over  the  plant. 

The  Chaibman.  It  is  the  practice  of  some  companies  to  deposit  at  first-aid 
stations — ^not  dressing  rooms,  but  mere  stations,  far  away  from  .the  bottom  of 
the  shaft — ^first-aid  boxes  or  canisters  containing  blankets  and  other  first-aid 
necessities. 

J.  W.  Paul.  These  are  recommendations  made  by  this  conference.  If  any 
coal  company  wishes  to  act  upon  these  recommendations  it  will  confer  with 
some  person  conversant  with  the  equipment  of  these  stations  and  will  properly 
provide  them  with  the  appliances  and  the  dressings  needed.  If  the  legislatures 
ever  enact  laws  specifying  what  these  stations  should  contain  I  think  that 
those  who  pass  on  these  suggestions  will  see  that  they  are  properly  equipped. 

The  Chairman.  The  motion  stands  as  passed,  without  further  modification. 

DISCUSSION  OK  RESOLUTIONS  OFFEBED  BY  COMMITTEE  6,  FIBST- 

AID  CONTESTS  AND  EXHIBITIONS. 

The  Secbetabt.  With  the  permission  of  the  chairman  I  shall  ask  J.  C.  Roberts, 
secretary  of  committee  6,  to  read  its  resolutions,  as  they  are  in  his  own  hand- 
writing. 

Mr.  Roberts  read  resolution  34,  as  follows: 

^'  The  judges  should  be  of  sufficient  number  so  that  one  judge  should 
handle  not  more  than  three  teams,  preferably  less,  and  these  judges 
should  rotate.  These  judges  should  be  first-aid  surgeons  and  prac- 
tical first-aid  men  (not  surgeons).  Each  contest  should  consist  of 
not  more  than  five  events." 

Mr.  Roberts  proceeded  to  explain  that  the  words  "  first-aid  sur- 
geons "  were  included  for  the  reason  that  not  all  surgeons  are  familiar 
with  first-aid  methods,  a  fact  that  was  brought  to  his  attention  in 
the  West. 

Chables  Enzian.  There  has  been  a  suggestion  of  an  element  of  professional- 
ism in  the  anthracite  district  of  Pennsylvania  in  these  contests,  and  an  attempt 
is  being  made  to  eliminate  this  by  substituting  the  name  "  exhibition."  It  has 
been  experienced  that  when  a  man  Is  specially  capable  in  first-aid  work  tlie 
captains  of  other  first-aid  teams  will  go  far  in  their  efforts  to  procure  him  for 
their  teams.  I  believe  contests  should  be  limited  to  interstate  affairs  and  exhibi- 
tions should  be  held  as  intermine  or  IntercoUiery  affairs.  A  number  of  com- 
panies in  the  anthracite  region  have  adopted  this  distinction. 

The  Chaibman.  The  condition  described  by  Mr.  Enzian  has  been  recognized 
by  certain  of  the  big  compqpies  who  now  oppose  contests,  and  the  experloice  of 
the  anthracite-mine  peor^  tlie*  ^^  respect  may  be  your  experience  very  shortly. 

Chablks  Enzian.  I  ^^n^,  ar  of  making  these  affairs  an  exhibition  of  skill 

rather  than  a  contest^ ^t  Asbairid^.'J^^^  companies  now  invite  their  salaried  men 
to  attend  these  exhibitions  at  the  company's  expense,  to  note  what  is  being  done 
by  the  company  for  the  purpose  of  Insuring  greater  safety  to  life.  This  develops 
a  valuable  esprit  de  corps. 

RESOLUTIONS    OF    COMMITTEE    7,    HOSPITALS    AND    SA7ETT 

STATIONS. 

Committee  7  presented  no  resolutions,  as  its  business  had  been 
transacted  in  the  joint  sectional  meeting  of  committees  5,  6,  and  7. 
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DISCXrSSION  ON  SESOLtmONS  0F7EBBD   BY  COMMITTEB  8,  PEB- 

MANEKT  OBGANIZATZON. 

Resolution  37  was  read  by  the  secretary  as  follows: 
^  Resolved^  That  this  conference  be  made  a  permanent  organiza- 
tion; that  the  presiding  chairman  of  this  conference,  H.  M.  Wilson, 
be  elected  the  president  of  a  temporary  committee  to  be  composed  of 
ijcven  persons;  that  there  be  elected  a  vice  president;  that  C.  S. 
Stevenson  be  elected  secretary,  and  that  the  other  members  of  the 
committee  be  appointed  by  the  president;  that  the  purpose  of  the 
temporary  committee  shall  be  to  draw  up  a  constitution  and  by-laws 
and  otherwise  complete  the  organization;  and  that  until  there  be 
KQch  permanent  organization  all  details. in  connection  with  first  aid 
and  other  matters  be  passed  over.'' 

Dr.  A.  F.  Knoefel.  In  explanation  of  the  last  clause  of  resolution  37  I  wish 
to  explain  tliat  it  was  the  sense  of  the  committee  that  it  should  simply  lay  the 
groundwork,  and  that  the  details,  such  as  first-aid  dressings  and  appliances, 
should  be  left  to  the  permanent  organization. 

After  some  desultory  debate  the  committee's  resolution  was  re- 
phrased and  adopted. 

The  CHAiBif AN.  I  shall  now  appoint  the  temporary  executive  committee  pro- 
vided for  in  the  last  resolution.  This  committee  is  apportioned  in  accordance 
witli  geographical  position  and  also  among  mine  officials  and  doctors,  as  follows : 
I>rs.  F.  Jm  McKee  for  the  East,  W.  S.  Rountree  for  the  South,  and  A.  F.  Knoefel 
for  the  Middle  West,  mine  official  E.  H.  Weitzel  for  the  Far  West,  Austin 
King  for  the  bituminous  region  of  this  part  of  the  country,  John  P.  Reese  for 
the  central  and  western  coal  fields,  G.  H.  Hawes  for  the  northern  iron  and 
Copper  regions,  and  R.  A.  Phillips  for  the  anthracite  coal  fields  of  eastern 
Pennaylyania. 

The  preliminary  meeting  of  the  executive  committee  will  be  convened  at  2 
p  m,  to-day. 

Before  a  motion  to  adjourn  is  entertained  I  wish  to  express  to  you  the  sincere 
appreciation  of  the  Director  of  the  Bureau  of  Mines  and  of  the  employees  of 
the  bureau  for  the  manner  in  which  you  have  come  from  all  parts  of  the  United 
States  and  ronained  with  the  conference  during  three  long  days.  We  did  not 
know  in  advance  whether  or  not  much  would  be  accomplished,  but  I  think 
everyone  must  admit  that  this  is  a  most  representative  gathering,  even  if  it 
iA  not  very  large  numerically.  Tou  have  done  splendid  work,  and  a  great  deal 
of  it,  in  a  short  time,  and  I  think  that  later  you  will  all  be  proud  of  your  part 
in  thin  preliminary  meeting,  which  I  believe  will  mean  a  great  deal  for  the 
mining  people  of  the  United  States. 

In  the  past  we  had  gone  through  the  period  of  litigation  following  accidents, 
followed  for  some  years  by  employers*  liability  legislation,  but  in  the  last  year 
a  tremendous  impetus  has  been  given  to  the  enactment  of  legislation — Federal 
and  State — providing  for  worklngmen's  compensation.  In  the  year  1911  ten 
States  enacted  laws  providing  compaiaation  for  injuries  received  by  work- 
men. It  wiU  therefore  be  wise  for  the  operators,  in  the  interest  of  economy 
as  well  as  for  humanitarian  reasons,  to  adopt  the  slogan  originated  at  the 
first  national  mine-safety  demonstration  a  year  ago — "  Safety  First."  I  think 
this  conference  is  the  lieginning  of  a  big  movement.  I  thank  you  heartily  for 
yonr  attendance. 
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Dr.  M.  J.  Shields.  Before  we  adjourn  I  should  like  to  have  permission  to 
express  the  thanks  and  appreciation  of  the  Red  Gross  for  the  work  of  the 
representatives  of  this  conference. 

Dr.  A.  F.  Knoefel.  I  second  the  sentiment  of  Dr.  Shields  and  especially 
mention  Mr.  Wilson,  who  has  been  to  ns  like  a  kind  father  with  a  bunch  of 
unruly  children,  and  I  think  that  in  support  of  this  resolution  we  ought  to 
have  a  rising  vote  of  thanks. 

J.  P.  Reese.  Before  the  vote  of  thanks — I  think  we  will  all  vote  for  it  very 
willingly — according  to  the  decision  regarding  permanent  organization  tbis 
body  should  appoint  a  vice  president. 

On  motion  duly  seconded  J.  P.  Beese  was  unanimously  elected  vice 
president. 

J.  P.  Reese.  I  wish  to  thank  you  for  the  unexpected  and  unsolicited  honor, 
but  I  earnestly  hope  that  the  president  will  continue  In  good  health.  I  now 
put  the  motion  of  the  doctor  to  thank  the  members  of  this  conference,  and 
especially  our  untiring  chairman. 

The  motion  was  passed  unanimously  by  a  standing  vote. 

On  motion,  the  conference  adjourned  at  1.30  p.  m.,  with  the  un- 
derstanding that  the  temporary  executive  committee  would  meet 
immediately  after  lunch. 


PROCEEDINGS  OF  THE  TEMPORARY  EXECUTIVE  COM- 
MITTEE. 

The  members  present  were :  H.  M.  Wilson,  president ;  J.  P.  Reese, 
vice  president ;  C.  S.  Stevenson,  secretary ;  Dr.  W.  S.  Rountree,  Dr. 
F.  L.  McKee,  G.  H.  Hawes. 

The  chairman  outlined  the  duties  of  the  committee,  laying  em- 
phasis on  the  duty  of  adopting  a  constitution  and  by-laws,  and 
naming  the  time  of  meetings. 

Dr.  A.  F.  Knoefel  suggested  that  a  subcommittee  be  appointed  by 
the  chair  to  draw  up  a  skeleton  constitution  and  by-laws,  copies  to 
be  mailed  to  all  members  of  the  committee  for  correction ;  that  upon 
receipt  of  the  corrected  copies  the  subcommittee  should  complete 
its  work,  and  mail  to  all  members  copies  of  the  revised  constitution 
and  by-laws  for  final  correction. 

G.  H.  Hawes  moved  that  the  chairman  appoint  a  committee  of 
three  to  act  as  suggested  by  Dr.  Knoefel,  and  that  the  chairman  be 
one  of  this  subcommittee.    The  motion  was  carried  unanimously. 

The  chairman  appointed  Dr.  F.  L.  McKee  and  Austin  King  as 
a  subcommittee  to  act  with  himself  in  preparing  a  constitution  and 
by-laws. 

The  chairman  announced  the  appointment  of  G.  H.  Hawes  as  a 
member  of  the  temporary  committee  on  permanent  organization  to 
replace  J.  P.  Reese,  who  had  been  elected  vice  president. 

Dr.  W.  S.  Rountree  moved  that  the  conference  meet  annually,  and 
that  the  executive  committee  announce  the  date  of  these  meetings. 

The  motion  was  carried  unanimously. 
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Austin  King  stated  that  the  purpose  of  the  organization  should  be 
to  promote  safety  in  mines  by  means  of  the  adoption  of  first-aid 
measures  and  logical  methods  of  procedure  in  rescue  and  recovery 
woriL 

Tbe  chairman,  after  discussion^  advised  all  members  of  the  com- 
mittee to  suggest  a  name  for  the  organization  within  30  days. 

A  discussicm  that  remained  unsettled  at  adjournment  was  as  to 
That  should  constitute  membership  in  the  organization.  Two  sug- 
gestions were  offered,  as  follows: 

(1)  Members  should  consist  of  those  persons  who  by  occupation 
or  interest  are  qualified  to  ocMisider  the  issues  for  which  the  associa- 
tion is  organized. 

(2)  Each  company  might  become  a  member  and  have  one  associ- 
ate nonvoting  member  for  each  2,000  men  or  fraction  thereof  em- 
ployed, the  membership  to  be  extended  to  those  organizations  having 
allied  interests. 

After  a  discussion  of  the  question  of  dues,  on  which  no  definite 
action  was  taken,  the  meeting  adjourned. 

PROPOSED     CONSTITUTION     FOR    A    PERMANENT     NA- 
TIONAL MINE-RESCUE  AND  FIRST-AID  ASSOCIATION, 

After  the  adjournment  of  the  conference  the  temporary  executive 
committee  adopted  the  following  constitution,  which  will  be  recom- 
mended to  the  next  meeting  of  the  conference,  to  be  held  in  Sep- 
tember, 1913,  in  accordance  with  article  3  of  the  constitution.  The 
draft  is  presented  here  for  the  information  of  persons  concerned  in 
the  safety  of  mining  operations, 

ARTICLE  I. 
Name. 

SEcnoR  1.  This  organization  shall  be  known  as  the  American  Mine-Safety 

Affiodatlon. 

ARTICLE  II. 

Object. 

Rficnoic  1.  The  object  of  the  association  shall  be  to  promote  the  science  of 
"^ety  in  mines  and  mining  by  the  adoption  of  improved  first-aid  methods,  and 
of  logical  methods  of  procedure  in  rescne  and  recovery  work;  to  recommend 
tbe  adoption  of  approved  types  of  first-aid  and  mine  rescne  and  recovery  ap- 
(fiances;  to  obtain  and  circulate  Information  on  these  subjects;  and  to  obtain 
tbe  cooperation  of  its  members  in  establishing  proper  safeguards  against  loss  of 
life  and  property  by  explosions  or  fires  or  from  other  causes. 

ARTICLE  III. 

Membership  and  Dues. 

8EcnoR  1.  Memberhip  shall  consist  of  (a)  active,  (&)  associate,  (c)  life,  and 
<tf)  honorary  members.  It  is  understood  that  membership  pledges  no  one  to 
^J  Siven  coarse  of  action. 
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Sbo.  2.  Active  members  shall  be  persons  who,  by  occupation,  affiliation,  or 
interest,  are  qualified  to  consider  the  issues  and  forward  the  aims  for  whicli 
the  association  is  organized.    Annual  dues  shall  be  $3. 

Sec.  3.  Associate  members  shall  be  national  institutes,  societies,  and  associa- 
tions; National  and  State  departments  and  bureaus;  and  firms  and  corporations 
concerned  in  the  mining  industry  or  whose  principal  object  is  the  reduction  of 
the  loss  of  life  and  property  in  mines.  Annual  dues  shall  be  $10,  except  that 
the  associate  membership  is  hereby  granted  to  the  Federal  Bureau  of  Mines 
without  payment  of  dues,  because  of  the  existence  of  a  Federal  statute;  that 
**  prohibits  the  payment  of  membership  fees  or  dues  in  societies  or  associations.** 
Associate  members  shall  be  entitled  to  representation  by  three  persons,  each  of 
whom  shall  be  entitled  to  all  of  the  privileges  of  active  members. 

Sec.  4.  Active  menbers  may  obtain  a  life  membership  by  the  payment  of  $1<K>, 
thereby  exempting  them  from  further  payment  for  life ;  associate  members  may 
obtain  a  life  membership  by  the  payment  of  $250,  thereby  exempting  them  from 
further  paym^it  for  25  years. 

Sec.  5.  Honorary  membership  may  be  conferred  ux)bn  persons  who  for  more 
than  fifteen  (15)  years  have  rendered  exceptional  service  in  the  work  of  mine 
safety.  A  favorable  report  by  the  executive  committee  of  the  association  and 
a  two-thirds  majority  vote  by  the  members  of  the  association  present  at  an 
annual  meeting  shall  be  necessary  to  elect  an  honorary  member.  Such  mem- 
bership shall  carry  with  it  all  the  privileges  of  active  membership,  without  dues. 

ARTICLE  IV. 

Officers. 

Section  1.  The  officers  shall  be  a  president  a  vice  president,  a  secretary- 
treasurer,  and  an  executive  committee  of  six.  of  whom  the  president  and  the  vice 
president  shall  act  as  ex-officio  members. 

ARTICLE  V. 

Election  of  Officers. 

Section  1.  At  each  annual  meeting  the  president  and  the  vice  president  shall 
be  elected  for  a  term  of  one  year,  or  until  their  successors  are  elected,  and 
two  members  of  the  executive  committee  shall  be  elected  for  three  years;  the 
executive  committee  shall  elect  its  own  chairman  immediately  after  the  genera] 
election. 

Sec  2.  The  secretary- treasurer  shall  be  appointed  by  the  executive  commit- 
tee from  the  active  membership,  and  shall  hold  office  during  the  pleasure  of 
said  committee. 

Sec.  3.  Any  candidate  for  an  office  shall  be  nominated*  in  writinif  by  at  least 
10  members,  nominations  to  be  submitted  to  the  secretary  at  least  four  weeks 
before  the  annual  meeting. 

Sec.  4.  The  candidate  for  any  office  receiving  a  majority  of  the  votes  of  the 
members  present  at  the  annual  meeting  shall  be  declared  elected. 

ARTICLE  VL 

Duties  of  Officers. 

Section  1.  The  president  shall  i)erforni  the  duties  of  the  presiding  officer 
and  chairman  of  the  assoplatlon.    He  shall  also  be  ex  officio  a  member  of  the 
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ezecvtlTe  committee  and  of  all  other  conmiltteeB,  and  may  appoint  thereon  as 
his  proxy  any  other  officer  of  the  association.  He  shall  also  sign  all  orders  for 
the  payment  of  money. 

Sbcl  2.  The  vice  president  shall  perform  all  the  duties  prescribed  for  the 
president,  in  his  absence.  The  vice  president  shall  also  be  ex  officio  a  member 
of  tile  execntlve  committee. 

Sec  S.  The  secretary-treasurer  shall  prepare  a  program  for  and  keep  a  record 
of  eadi  meeting,  countersign  all  orders  for  money  that  have  been  signed  by  the 
president,  keep  a  true  record  of  all  cash  received  and  disbursed  by  him  on 
account  of  the  association,  and  publish  such  proceedings  of  the  association  ns 
the  executive  conunittee  may  authorize.  He  shall  also  act  as  secretary  of  the 
executive  committee 

Sxc.  4.  The  secretary-treasurer  shall  receive  a  salary  to  be  fixed  by  the 
executive  committee,  and  his  annual  dues  shall  be  remitted  during  office. 

Sec  5.  The  executive  committee  shall  pass  on  new  members,  audit  the 
aooounts  of  the  treasurer,  and  approve  the  programs  of  meetings  and  all  papers 
to  be  read  before  or  published  by  the  association. 

Sec.  ^  At  any  meeting  of  the  executive  committee,  five  members  of  the  com- 
mittee shall  constitute  a  quorum  for  the  transaction  of  business. 

ABTICLE  VII. 

Ck>lflfITTEE8. 

Section  1.  The  technical  business  of  the  association,  or  such  as  relates  to 
the  consideration  of  methods  of  first-aid  or  rescue-training  work,  or  appliances 
used  therein,  shall  be  transacted  by  regular  and  special  committees,  the  chair- 
men and  members  of  which  shall  be  appointed  by  the  president,  with  the 
approval  of  the  executive  committee,  at  least  within  thirty  (30)  days  following 
the  liolding  of  the  annual  meeting.  Said  committee  shall  meet  on  the  day 
preceding  the  annual  meeting,  or  at  any  regular  meeting  that  may  be  called 
for  the  consideration  of  business  in  which  such  committee  or  committees  may 

be  concerned. 

ARTICLE  VIII. 

AHNtTAL    AND    SPECIAL    MiCEnNGS. 

Ssa  1.  The  annual  meeting  of  the  association  shall  be  held  in  September  of 
each  year,  the  place  of  meeting  to  be  determined  by  the  executive  committee 
not  less  than  00  days  in  advance  of  the  meeting. 

Sec.  2.  Special  meetings  may  he  called  by  the  executive  committee  and  sliall 
be  called  by  them  upon  written  application  of  twenty  (20)  active  members. 
Notice  of  such  meetings  shall  be  sent  to  all  members  at  least  twenty  (20)  days 
in  advance.  The  notice  shall  state  the  business  to  be  transacted,  and  no  other 
business  shall  t>e  entertained. 

ARTICLE  IX. 

Local  Sections. 

Ssa  "L  When,  in  the  Judgment  of  the  executive  committee,  a  snfflclent  number 
of  members  and  associates  shall  petition  in  writing,  its  members  may  form, 
subject  to  the  constitution  and  other  regulations  goveming  this  association,  a 
local  section  for  the  purpose  of  more  efl^ectively  carrying  out  the  aims  of  this 
association.  Each  local  section  may  adopt  such  by-laws  as  it  may  deem 
expedient 
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Sna  2.  £2acb  local  section  sball  select  some  place  as  headquarters  and  a  defi- 
nite territory  to  be  especially  benefited  by  said  local  section  and  witbln  which  Its 
members  must  reside.  Both  headquarters  and  territory  are  subject  to  the 
approval  of  the  executive  committee,  and  may  be  <dianged  by  the  exeentive 
committee  as  occasion  may  require. 

Sbc.  3.  All  members  of  the  association  in  good  standing  who  reside  in  the 
territory  set  apart  by  the  executive  committee  to  be  tributary  to  any  local 
section  shall  be  considered  members  of  that  local  section  and  shall  be  so 
enrolled ;  and  they  shall  be  entitled  to  all  the  privileges  that  such  local  section 
may  under  the  constitution  provide.  A  member  may  vote  or  hold  office  in  one 
local  section  only. 

Sec,  4.  The  officers  of  each  local  section  shall  consist  of  a  chairman,  a  secre- 
tary, and  such  committees  as  each  section  may  find  desirable.  These  officers 
shall  be  elected  by  the  votes  of  the  members  of  a  section  in  the  manner  pro- 
vided by  the  section  by-laws.  The  election  of  any  member  as  an  officer  of  n 
local  section  shall  not  debar  him  from  election  or  appointment  to  any  other 
office  in  the  association. 

ARTICLE  X. 

Business  Teas. 

Sbo.  1.  The  calendar  year  shall  be  the  business  year  of  the  association,,  and 
no  member  shall  receive  a  copy  of  the  proceedings  of  the  association  nor  be 
permitted  to  vote  at  any  election  who  shall  be  in  arrears  for  dues  for  the  cur- 
rent year  on  the  first  day  of  September  of  that  year. 

Article  XI. 

Appointment  of  Delegates. 

Sec.  1.  In  response  to  proper  invitation  the  president  may  appoint  a  delegate 
or  delegates  to  represent  the  association  nt  a  meeting  of  any  organization  rep- 
resented in  the  association  membership,  and  such  delegate  or  d^egates  shall 
report  the  substance  of  the  proceedings  at  the  next  succeeding  annual  meeting 
of  the  association. 

Article  XII. 

Standabd  Methods  and  Appliances. 

Sec.  1.  A  proposed  standard  method  of  instruction  in  first  aid  to  the  injured 
or  In  rescue  or)erations,  or  in  training  or  instruction  relative  thereto :  or  in  the 
holding  of  contests  or  other  procedure  relative  thereto ;  or  a  proi)osed  standard 
specification  for  approval  or  appliances  or  equipment  for  use  in  first-aid  or 
rescue  work  must  be  presented  to  the  executive  committee,  in  writing,  at  least 
sixty  (60)  days  prior  to  the  holding  of  the  aimual  meeting,  at  which  time  it 
must  be  referred  to  the  appropriate  committee  and  reported  therefrom  to  the 
meeting,  which  may  amend  it  by  a  majority  vote.  A  two-thirds  aflSrmative 
vote  of  those  voting  shall  be  required  to  refer  the  resolution  to  letter  ballot  of 
the  association.  A  two-thirds  affirmative  vote  of  those  voting  in  a  letter  bal- 
lot shall  be  required  for  the  adoption  of  the  standard  resolution  or  specification. 

Abticle  XIII. . 

Okdeb  of  Business. 

Sbc.  1.  At  all  meetings  the  following  shall  be  the  order  of  business: 

1.  Beading  of  minutes  of  preceding  meeting. 

2.  Beport  of  the  executive  committee. 
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3.  Bj^^rt  of  officers. 

4.  Report  of  auditing  committee. 
6l  B^wrt  of  otlier  committees. 

&  Election  of  new  members. 

7.  Unflniabed  business. 

8.  New  business. 

9.  Program. 

10.  Adjournment 

Article  XIV. 

AHENnifENTS. 

Sbc  1«  This  constitution  may  be  altered  or  amended  at  any  stated  meeting 
by  a  two-thirds  vote  of  the  members  present,  provided  notice  has  been  given  at 
a  previous  annual  meeting  of  the  proposed  change,  alteration,  or  amendment. 

PUBXiICATIONS  ON  MINE  ACCIDENTS  AND  METHODS  OF 

MINING. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. : 

BuixETiN  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clar- 
ence HaU.    1912.    d4  pp.,  5  pis.,  4  fig& 

BrixETiN  17.  A  primer  on  explosives  for  coal  miners,  by  C.  K  Muuroe  and 
Clarence  Hall.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological 
Surrey  BuUetin  423. 

BnxnTN  20.  The  explosiblllty  of  coal  dust,  by  O.  S.  Rice,  with  chapters  by 
J.  C.  W.  Fraaser,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis., 
28  figs.    Reprint  of  United  States  Geological  Survey  Bulletin  425. 

BuixjsTiN  44.  First  national  mine-safety*  demonstration,  Pittsburgh,  Pa., 
October  90  and  31, 1011,  by  H.  M.  Wilson  and  A.  H.  Fay,  with  a  chapter  on  the 
explosion  at  the  experimental  mine  by  G.  S.  Rice.    1912.    75  pp.,  7  pis.,  4  figs. 

BmxEriN  45.  Sand  available  for  filUng  mine  worlcings  in  the  Northern  An- 
thracite Coal  Basin  of  Pamsylvania,  by  N.  H.  Darton.  1913.  33  pp.,  8  pis., 
5  figs. 

BuiXETiN  46.  An  investigation  of  explosion-proof  mine  motors,  by  H.  H. 
Clark.    1912.    44  pp.,  6  pl&,  14  figs. 

BuiXBTiN  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric 
lamps,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.    31  pp. 

Tbchhical  Papeb  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Techhical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A. 
Burrell  and  F.  M.  Seibert    1912.    16  pp.,  1  fig. 

Techhical  Papeb  14.  Apparatus  for  gas-analysis  laboratories  at  coal  mines, 
by  G.  A.  BurreU  and  F.  M.  Seil>ert.    1913.    —  pp.,  —  pis.,  —  figs. 

Technical  Papeb  19.  The  factor  of  safety  In  mine  electrical  installations,  by 
H,  H  aark.    1912.    14  pp. 

Techhical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recom- 
meodatloDS,  by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12 
pp.    Reprint  of  United  States  Geological  Survey  Bulletin  360. 

Techhical  Paper  22.  EHectrical  symbols  for  mine  maps,  by  H.  H  Clark. 
1912.    11  pp.,  8  figs. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S.  Rice.  1912. 
51  pp.,  1  fig. 
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Technical  Papeb  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps, 
by  H.  H.  Clark.    1912.    6  pp. 

Technical  Papeb  29.  Training  with  mlne-reseoe  breathing  apparatus,  by 
J.  W.  PauL    1912.    16  pp. 

Miners'  Cibculab  3.  Coal-dust  explosions,  by  6.  S.  Rice.    1911.    22  pp. 

Minebs'  Cibculab  4.  The  use  and  care  of  mine-rescue  breathing  apparatas, 
by  J.  W.  Paul.    1911.    24  pp.,  5  figs. 

Minebs'  Cibculab  5.  Electrical  accidents  in  mines;  their  causes  and  preven- 
tion, by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.  1911. 
10  pp.,  3  pis. 

Minebs'  Cibculab  6.  Permissible  explosives  tested  prior  to  January  1,  1912, 
and  precautions  to  be  taken  In  their  use,  by  Clarence  Hall.    1912.    20  i^ 

Minebs'  Cibculab  9.  Accidents  from  falls  of  roof  and  coal,  by  G.  8.  Rice. 
1912.    16  pp. 

Minebs'  Cibculab  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1912. 
14  pp. 

Minebs'  Cibculab  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M. 
Jones.    1912.    16  pp. 
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SAMPLING  COAL  DELITERIES,  AND  TYPES  OF  GOVERNMENT 
SPECIFICATIONS  FOR  THE  PURCHASE  OF  COAL 


By  Georqe  S,  Pope. 


IKTBODUCnON. 

The  purchase  of  coal  by  the  Government  under  specifications 
depending  on  the  heating  value  of  the  coal,  its  content  of  ash  and  of 
moisture,  aod  other  considerations,  rather  than  upon  the  reputation 
or  trade  name  of  the  coal,  was  based  on  the  fuel  investigations  begun 
by  the  Technologic  Branch  of  the  United  States  Geological  Survey  in 
1904.  The  plan  was  first  adopted  by  the  Treasury  Department  in 
1906.  Since  then  the  plan,  variously  modified  in  form  but  the  same 
m  principle,  has  been  gradually  adopted  by  other  departments  until 
at  present  of  the  coal  used  by  the  Government,  the  total  value  of 
which  approximates  $8,000,000  annually,  more  than  half  is  purchased 
under  specifications.  The  Government  publications  dealing  with  the 
adoption  by  the  Government  of  the  specification  plan,  the  number 
of  contracts  awarded  on  that  basis,  and  the  quality  of  the  coal 
(letivered  under  such  contracts  in  the  several  fiscal  years  covered  by 
the  reports  are  given  in  publications*  listed  at  the  end  of  this  bulletin. 

Under  the  authority  of  acts  of  Congress  making  appropriations  for 
analyzing  and  testing  fuels  belonging  to  or  for  the  use  of  the  United 
States  Government,  a  laboratory  is  maintained  at  the  headquarters 
of  the  Bureau  of  Mines,  Washington,  D.  C,  where  samples  represent- 
ing deliveries  of  coal  purchased  under  specifications  for  Government 
use  are  analyzed  and  tested. 

At  this  laboratory  more  than  1,200  samples  have  been  analyzed 
and  tested  in  one  month.  With  the  complete  equipment  and  the 
efficient  force  employed,. the  analytical  work  has  been  so  perfected 
that  the  analjrses  and  heating-value  tests  of  the  samples  received  are 
as  accurate  as  may  be  reasonably  expected  in  laboratory  work  of  this 
nature. 

One  of  the  serious  drawbacks  to  the  general  adoption  of  the  speci- 
fication method  for  the  purchase  of  coal  is  the  difficulty  of  obtaining 
at  reasonable  cost  samples  of  coal  that  can  be  considered  fairly  repre- 
sentative of  the  conmiercial  product  delivered  in  wagons,  railroad 

•  See  BuUetins  11  and  41,  Bureau  of  Mines. 
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cars,  or  ships.  Therefore  the  method  of  taking  and  preparing  sam- 
ples for  shipment  to  the  laboratory  has  been  given  fully  as  much  care 
as  the  making  of  the  analyses  and  tests,  and  a  general  plan  of  collect- 
ing samples  fairly  representative  of  the  delivered  coal  has  been 
evolved  through  various  modifications  and  improvements  based  on 
experience  and  increased  knowledge  of  the  physical  and  chemical 
characteristics  of  the  various  coals  that  are  purchased  by  the  Govern- 
ment. The  method  that  is  in  general  use  by  the  Government  is 
described  in  the  following  pages. 

In  connection  with  studies  of  the  coal  deposits  of  the  country,  of 
the  best  methods  of  preventing  waste  in  mining,  and  of  increasing 
efficiency  in  the  utilization  of  coal  belonging  to  or  for  the  use  of  the 
Government,  geologists  and  engineers  of  the  United  States  Geolog- 
ical Survey  and  of  the  Bureau  of  Mines  have  visited  more  than  1,700 
coal  mines  scattered  through  all  of  the  coal-producing  States  and  Ter- 
ritories. From  each  mine  from  2  to  8  or  more  samples  were  taken, 
the  number  depending  upon  the  size  of  the  mine  and  its  output.  The 
analyses  and  descriptions  of  the  samples  collected  up  to  July  1,  1910, 
are  published  in  a  Bureau  of  Mines  bulletin,  entitled  "Analyses  of 
Coals  in  the  United  States,"  which  is  now  in  course  of  publication. 

A  study  of  the  analyses  of  these  samples  and  of  the  samples  takea 
from  cars  shipped  from  a  number  of  the  same  mines  shows  that  the 
mine  samples  are  as  a  rule  of  higher  grade  than  the  average  commer- 
cial shipments,  particularly  with  respect  to  containing  a  lower  per- 
centage of  ash  and  having  a  correspondingly  higher  heating  vaJue. 
This  difference  is  due  to  the  fact  that  the  Government  inspector,  pro- 
ceeding on  the  basis  of  what  can  be  done  by  a  good  miner,  usually 
removes  more  of  the  partings  of  bone,  slate,  and  other  extraneous 
matter  from  his  mine  samples  than  the  average  miner  does  in  ordi- 
nary practice,  the  aim  of  the  miner  being  to  get  the  maximum  number 
of  tons  post  the  tipple  inspection,  as  his  earnings  are  based  on  his 
output.  The  average  miner,  therefore,  does  not  always  take  as  much 
care  as  he  might  in  rejecting  the  impurities.  The  difference  may  be 
caused,  too,  by  the  presence  of  pieces  of  the  mine  roof  and  floor. 
The  Government  inspector  can  readily  exclude  these  from  the  mine 
sample,  but  they  often  get  into  the  commercial  coal  as  a  result  of  the 
character  of  the  roof  and  floor  and  of  the  mining  methods  employed. 
The  efficiency  of  the  tipple  inspection  and  the  means  employed  in 
rejecting  impurities  when  the  coal  is  loaded  into  the  railroad  car  are 
also  factors  that  often  largely  account  for  the  difference  between  mine 
and  commercial  samples.  Most  of  the  samples  collected  from  the 
mines  by  the  Government  inspectors  show  a  higher  moisture  content 
than  commercial  samples,  because  of  the  generally  moist  atmosphere 
of  the  mine  and  the  precaution  taken  to  prevent  loss  of  moisture  in 
the  collection,  preparation,  and  analysis  of  mine  samples. 
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When  properly  taken,  the  mine  samples  are  of  great  value,  as  they 
mdicate  the  general  character  of  the  coal  and  the  uniformity  of  the 
coal  bed  and  enable  one  to  determine  its  probable  value  for  any 
designated  purpose,  providing  due  consideration  is  given  to  the 
character  of  the  partings,  the  roof,  and  the  floor,  and  to  the  possibility 
of  pieces  from  these  being  loaded  with  the  commercial  output. 

The  collection  of  mine  samples  by  the  Bureau  of  Mines  and  the 
Geological  Survey  is  done  in  a  systematic  manner,  according  to  a 
prearranged  plan,  and  the  same  procedure  is  always  followed  where 
circumstances  permit.  A  special  outfit  for  use  in  collecting  mine 
samples  has  been  developed.  The  method  followed  and  a  description 
with  illustrations  of  the  outfit  are  published  in  Bureau  of  Mines 
Technical  Paper  1,  entitled  "The  Sampling  of  Coal  in  the  Mine." 

THEOBY  OF  SAMPLING. 

To  determine  with  utmost  accuracy  the  ash  content  and  heating 
value  of  a  quantity  of  delivered  coal  would  require  the  burning  of  the 
entire  quantity,  and  special  apparatus  arranged  to  measure  the  total 
heat  liberated,  or  would  require  crushing  the  whole  quantity,  and 
reducing  it  by  an  elaborate  scheme  of  successive  crushings,  mixings, 
and  fractional  selections  to  portions  weighing  approximately  1  gram, 
the  minute  quantity  which  the  chemist  requires  for  each  determina- 
tion. Either  of  these  procedures  is  obviously  impracticable  if  the 
coal  is  to  be  used  for  the  production  of  heat  and  power. 

The  method  actually  employed  is  to  select  portions  from  all  parts 
of  a  consignment  or  deUvery  of  coal  and  to  systematically  reduce  the 
groaa  sample,  obtained  by  mixing  these  portions,  to  quantities  that 
the  chemist  requires  for  making  ash  determinations  or  that  can  be 
burned  conveniently  in  the  calorimeter,  an  apparatus  for  determining 
the  heating  value.  The  gross  sample  should  be  so  large  that  the 
chance  admixture  of  pieces  of  slate,  bone  coal,  pyrite,  or  other 
impurities  in  an  otherwise  representative  sample  will  affect  but 
slightly  the  final  results.  Increasing  the  size  of  the  gross  sample 
tends  toward  accuracy,  but  the  possible  increase  is  limited  by  the 
cost  of  collection  and  reduction.  In  reducing  the  gross  sample  by 
successive  crushings  and  halvings  or  fractional  selections,  the  object 
is  to  procure  a  small  laboratory  sample  that,  upon  analysis,  will  give 
approximately  the  same  results  as  the  gross  sample  itself,  or,  in  fact, 
the  entire  quantity  of  coal  from  which  the  gross  sample  was  obtained. 

THB  METHOD  OF  SAHPUNG  AS  A  PABT  OF  COAL  SPECIFICATIONS. 

Recognizing  the  importance  of  the  method  of  sampling  as  being  a 
definite  commercial  procedure  and  of  having  the  method  clearly  set 
forth  in  the  specifications  to  become  a  part  of  the  contract,  and 
recognizing  also  the  desirability  of  insuring  uniformity  and  similarity 
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in  the  specifications  used  by  the  different  branches  of  the  Federal 
service  for  the  purchase  of  coal,  representatives  of  the  executive 
departments  and  independent  establishments  of  the  Government 
held  a  conference  under  the  auspices  of  the  Bureau  of  Mines  in 
February,  1912,  for  the  purpose  of  discussing  these  and  other  features 
of  the  specifications.  At  this  conference  committees  were  appointed 
to  prepare  specifications  in  accordance  with  the  views  of  the  members. 
As  these  specifications  state  the  method  of  sampling  in  more  detail 
than  previous  Government  specifications,  the  specifications  which 
were  generally  used  by  the  Government  for  the  purchase  of  coal  for 
the  fiscal  year  1912-13,  with  such  modifications  as  have  later  appeared 
desirable,  are  given  on  pages  62-66,  with  the  view  of  presenting  here- 
with a  specification  which  will  very  probably  be  typical  of  the  general 
specifications  which  will  be  used  for  the  fiscal  year  1913-14.  It  was 
recognized  at  the  conference  tliat  in  general  specifications,  such  as 
were  recommended,  certain  requirements  had  to  be  of  wide  applica- 
tion, as  the  specifications  cover  such  a  wide  variety  of  conditions,  not 
only  as  to  character  and  quality  of  coal  but  as  to  type  of  furnace 
equipment,  size  of  deliveries,  methods  of  delivering,  etc. 

PBACTICAL  CONSEDEBATIONS. 
MOI8TUKE. 

The  specifications  which  were  used  for  the  purchase  of  coal  on  the 
heat-unit  basis  prior  to  the  fiscal  year  1912-13  were  on  the  B.  t.  u. 
(British  thermal  unit)  ''as  received"  basis;  that  is,  payment  for 
delivered  coal  was  directly  affected  by  the  moisture  content  of  the 
sample  received  by  the  laboratory.  This  method  was  based  on  the 
assumption  that  the  moisture  in  the  samples  collected  at  the  time  of 
weighing  and  delivery  could  be  preserved  with  slight  loss  during  the 
storing  and  subsequent  working  down  of  the  gross  sample  to  a  quan- 
tity convenient  for  transmittal  to  the  laboratory  and  in  its  later  treat- 
ment in  the  laboratory.  From  experiments  that  have  been  made  and 
from  a  large  mass  of  data,  it  is  known  that  the  moisture  content  of 
coal  does  not  remain  constant,  and  that  the  moisture  content  reported 
by  the  laboratory  may  be  as  much  as  5  to  10  per  cent  lower  than  that 
actually  contained  in  excessively  wet  or  high-moisture  coal  at  the  time 
of  weighing. 

In  one  investigation,  264  gross  samples  were  reduced,  at  the 
delivery  point,  to  samples  weighing  approximately  6  pounds  each  and 
then  the  5-pound  samples  were  divided  into  two  equal  parts  (''dupli- 
cates"), which  were  placed  in  mailing  cans  and  sent  to  the  Bureau  of 
Mines  for  analysis.  The  moisture  contents  of  the  "duplicates"  were 
presumably  identical,  but  analysis  showed  that  the  average  difference 
of  the  moisture  contents  of  the  254  pairs  of  "duolicates"  was  0.256 
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per  cent  and  the  maximum  difference  was  3.6  per  cent.  These 
figures  indicate  the  moisture  differences  that  may  exist  even  after  the 
gross  sample  has  been  reduced  to  approximately  5  pounds,  but  they 
do  not  show  the  moistiu'e  lost  by  the  gross  sample  while  in  storage 
and  while  being  reduced  to  5  pounds.  As  stated  above,  the  total  loss 
of  moisture  may  be  as  much  as  5  to  10  per  cent  in  high-moisture  or 
excessively  wet  coals. 

As  a  sample  loses  moisture,  its  B.  t.  u.  ^*as  received"  value  cor- 
respondingly rises,  with  the  result  that  the  price  for  deUvered  coal 
determined  on  the  **as  received"  value  is,  with  rare  exceptions, 
higher  than  that  warranted  by  the  quaUty  of  the  coal  at  the  time  of 
weighing.  As  a  general  statement,  payment  based  on  the  ''as 
received"  B.  t.  u.  value  will  be  higher  than  warranted,  unless  the 
sampling  and  laboratory  work  can  be  carried  on  under  conditions 
that  minimize  moisture  loss,  as  under  freezing  temperatures. 

Recogizing  the  uncertainty  involved  in  taking  the  moisture  deter- 
mination in  the  laboratory  as  representative  of  the  moisture  content 
of  the  delivered  coal  and  the  consequent  possibihty  of  payment  of  a 
higher  price  than  is  warranted,  the  Bureau  of  Mines  recommended 
to  the  executive  departments  and  independent  establishments  of 
the  Federal  service  that  the  heating  value  in  the  coal  specifications 
for  the  fiscal  year  1912-13  be  on  the  '*dry  coal"  basis. 

In  preparing  these  specifications  the  fact  was  recognized  that  the 
amount  of  moisture  contained  in  coal  produced  from  day  to  day 
from  the  same  mine,  or  group  of  mines  working  the  same  bed,  is 
largely  accidental,  and  is  a  matter  over  which  the  buyer  and  seller 
have  only  slight  control.  However,  in  order  to  place  a  negative 
vahie  on  high-moisture  coab  and  to  protect  the  Government  against 
the  delivery  of  coals  containing  excessive  amounts  of  moisture,  the 
specifications  require  the  bidders  to  specify  the  maximum  moisture 
content  in  coal  offered.  This  value  becomes  the  standard  of  the 
contract. 

If  coal  of  uniform  B.  t.  u.  *'dry  coal"  value  is  delivered  on  a  con- 
tract, the  contractor  receives  the  advantage  on  any  delivery  in 
which  the  moisture  content  approaches  the  maximum  specified, 
because  he  is  paid  for  the  weight  of  water  contained  in  the  coal  in 
excess  of  a  normal  amount,  whereas  if  the  coal  is  very  dry,  containing 
less  than  the  normal  amount  of  moisture,  the  purchaser  receives  the 
advantage. 

For  example,  coal  is  delivered  under  a  contract  in  which  the 
standards  are  14,300  B.  t.  u.  per  pound,  ^*dry  coal,''  and  a  maximum 
moisture  content  of  3.5  per  cent.  The  heating  value  of  a  ton  (2,240 
pounds)  of  ^*dry  coal"  would  be  32,032,000  B.  t.  u.  Assume  that 
the  average  moisture  content  of  deliveries  for  a  year  is  2.5  per  cent, 
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then  for  every  2,240  pounds  of  ^^diy  coal"  having  a  heating  value 
of  32,032,000  B.  t.  u.,  the  purchaser  is  required  to  pay  for  56  pounds 
of  water  at  the  same  rate  per  ton  as  for  *'dry  coal,"  but  as  this  per- 
centage of  moisture  in  average  deliveries  is  inherently  a  constituent 
of  the  coal,  it  is  considered  as  part  and  parcel  of  the  coal  by  both  the 
purchaser  and  the  seller.  If  the  coal  delivered  contains  3.5  per  cent 
moisture,  to  procure  32,032,000  B.  t.  u.,  ''dry  coal,"  the  purchaser 
has  to  pay  1  per  cent  more  for  coal  because  of  the  excess  water  above 
the  normal  amount,  whereas  if  the  coal  contains  1 .5  per  cent  moisture, 
the  purchaser  pays  1  per  cent  less  for  water.  As  the  variations  in 
moisture  content,  1.5  or  3.5  per  cent,  are  largely  accidental,  the 
season  of  the  year  being  partly  responsible  for  them,  it  is  equitable 
that  the  purchaser  and  seller  should  share  the  uncertainty.  The 
purchaser  justly  has  a  right,  however,  to  demand  that  the  seller  shall 
guarantee  a  maximum  moisture  content,  as  a  means  of  enabling  the 
purchaser  to  compare  one  coal  with  another,  as  a  guarantee  that  the 
seller  will  observe  precautions  against  delivering  coal  that  is  unduly 
wet,  and  as  a  basis  for  adjusting  the  price  of  exceptionally  wet  coal. 

The  United  States  Weather  Bureau  in  its  annual  reports  gives  the 
total  precipitations  per  month  and  the  maximum  in  24  hours  for 
diflferent  sections  of  the  United  States.  At  Washington,  D.  C,  tiie 
greatest  rainfall  for  any  one  month  during  the  year  ended  December 
31,  1910,  was  5.89  inches,  and  the  maximum  for  24  consecutive  hours 
was  3.67  inches. 

As  an  example  of  the  effect  of  a  heavy  rain  on  a  car  of  coal  in 
transit,  a  precipitation  of  3  inches  of  water  on  a  loaded  50-ton  car, 
area  of  top  about  360  square  feet,  would  increase  the  weight  of  the 
coal  5.01  per  cent,  provided  none  of  the  water  drained  out  or  evap- 
orated. It  is  obvious  that  if  this  coal  is  weighed  and  delivered  imme- 
diately, special  samples  for  moisture  determinations  should  be  col- 
lected and  prepared  at  once  and  sent  to  the  laboratory,  as  a  basis  for 
equitable  adjustment  of  payment  on  account  of  the  excessive  amount 
of  water  in  the  coal.  As  the  weight  of  the  coal  was  increased  by  the 
excess  water,  there  should  be  a  corresponding  decrease  in  the  price 
to  be  paid. 

If  a  railroad  car  or  wagon  so  rained  on  should  not  be  unloaded 
immediately  after  weighing  and  special  moisture  samples  should  not 
be  properly  collected,  prepared,  and  sent  hermetically  sealed  to  the 
laboratory,  it  is  obvious  that  the  purchaser  would  pay  a  higher  price 
than  warranted,  especially  if  the  car  or  wagon  stood  for  some  time 
before  sampUng  and  some  of  the  water  drained  out.  Further,  if  the 
coal  was  not  immediately  unloaded  and  sampled  or  if  the  car 
continued  in  transit  after  weighing,  then  the  coal  at  the  top  would 
soon  diy;  and   in   either  case   the  effect   of  the  3-inch   rainfall. 
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as  indicated  by  the  analysis,  might  be  only  a  fractional  percentage  of 
the  moisture  contained  in  the  coal  at  the  time  of  weighing. 

The  determination  of  the  moisture  of  coal  deUvered  from  stock 
pil»  is  often  of  great  importance,  for  the  proportion  of  moisture 
contained  in  the  small  sizes,  which  are  most  abundant  near  the  center 
of  a  stock  pile  and  which  absorb  the  rains,  and  melting  snows  in 
districts  of  heavy  snows,  may  be  from  10  to  15  per  cent  higher  than 
when  stocked.  It  is  apparent,  therefore,  that  special  moisture  sample 
determinations  are  necessary  for  equitable  adjustment  of  payment 
on  account  of  excessive  moisture  in  coal  which  is  stocked  in  piles 
exposed  to  the  weather. 

The  specifications  provide  for  the  collection  of  ''special  moisture 
samples"  if,  in  the  opinion  of  the  Government  officials  sampling  it, 
the  delivery  contains  moisture  in  excess  of  that  guaranteed  by  the 
contractor.  The  "special  moisture  samples"  are  prepared  in  a  man- 
ner to  minimize  moisture  losses  and  may  be  taken  and  prepared  inde- 
pendently of  the  gross  samples  collected  for  the  determinaticns  of 
heating  value  (B.  t.  u.),  ash,  and  other  specified  data.  If  the  analysis 
of  the  special  sample  shows  a  moisture  content  in  excess  of  the  con- 
tractor's guaranty,  a  proportionate  deduction  is  made  from  the 
price  to  be  paid  for  the  coal. 

'' Special  moisture  samples"  representing  coal  as  delivered  should 
be  preserved  in  such  a  way  as  to  minimize  moisture  loss,  because  if 
the  moisture  content  of  the  sample,  as  shown  by  analysis,  is  less  than 
the  actual  moisture  content  of  the  coal  at  the  time  it  is  weighed, 
either  because  of  the  sample  being  nonrepresentative  or  because  of 
subsequent  moisture  loss  during  the  storage  or  the  preparation  of  the 
sample,  the  price  to  be  paid  for  the  coal  delivered  is  correspondingly 
increased  and  an  injustice  is  done  the  purchaser.  It  is  equally  impor- 
tant to  protect  the  sample  duriog  collection  or  storage  from  being  wet 
by  rain,  snow,  or  water  from  any  other  source  in  order  to  insure  the 
sample  representing  the  delivered  coal.  Evidently,  therefore,  partic- 
ular attention  should  be  given  to  procuring  for  the  laboratory  a  sample 
containing  the  same  percentage  of  moisture  as  the  delivered  coal. 

To  minimize  moisture  loss,  the  sample  must  be  placed  in  a  tight 
container  and  stored  in  a  cool  place  before  it  is  reduced.  Moreover 
the  sample  should  be  reduced  and  transmitted  to  the  laboratory  as 
soon  as  practicable.  It  is  weU  to  remember  that  a  sample  taken  from 
coal  that  has  been  exposed  to  a  relatively  high  temperature,  as  coal 
from  a  boiler  or  furnace  room,  or  from  adjacent  bins,  has  lost  moisture 
and  does  not  represent  the  coal  as  delivered.  For  the  same  reason 
samples  should  not  be  stored  in  the  boiler  room. 

If  the  contractor  does  not  guarantee  a  moisture  content  lower  than 
can  be  actually  maintained  on  an  average,  the  collection  of  **  special 
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moisture  samples"  and  the  making  of  price  corrections  on  account  of 
excessive  moisture  will  seldom  be  necessary.  Thus,  the  placing  of 
heating  value  (B.  t.  u.)  on  the  "dry  coal"  basis,  with  a  maximum 
moisture  content,  eliminates  frequent  corrections  of  price  on  account 
of  uncertain  moisture  variations. 

ASH   AND   HEATING   VALUE. 

The  heating  value  of  coal  from  the  same  mine  or  from  a  group  of 
mines  operating  the  same  bed  of  uniform  character  is  directly  influ- 
enced by  the  percentage  of  ash.  By  ash  is  meant  earthy  matter  and 
impurities  that  do  not  bum.  As  the  proportion  of  ash  inherent 
(sometimes  termed  "intrinsic  ash")  in  the  coal  substance  as  a  rule 
does  not  vary  widely  in  coal  from  the  same  bed,  the  heating  value  is 
largely  determined  by  the  amount  and  character  of  the  free  (some- 
times termed  "extraneous")  impurities,  and  hence  the  manner  in 
which  coal  is  cleaned  and  prepared  at  the  mine  may  greatly  affect 
the  heating  value  of  commercial  shipments.  In  collecting  samples^ 
therefore,  it  is  of  utmost  importance  that  the  samples  should  con- 
tain within  reasonable  limits  the  same  proportion  of  impurities  as 
the  delivered  coal  from  which  they  were  taken. 

Since  the  specifications  provide  for  adjustment  of  price  according 
to  the  ash  content  or  the  heating  value,  or  both,  it  is  evident  that 
samples  taken  from  delivered  coal  should  show,  by  analysis,  practi- 
cally the  same  ash  content  and  heating  value  as  the  delivered  coal. 
In  other  words,  the  sample  should  contain  the  same  proportion  of 
slate,  bony  coal,  pyrite  and  other  impurities  as  the  quantity 
delivered,  in  order  that  the  price  adjustment  based  on  the  analyses 
may  be  fair  to  both  purchaser  and  seller.  Obviously,  it  is  important 
to  guard  against  any  accidental  admixture  of  sand,  cement,  clinkers, 
or  other  foreign  matter,  while  the  sample  is  in  storage  or  while  it  is 
being  prepared  for  transmittal. 

In  this  connection,  attention  is  called  to  the  fact  that  the  gross 
sample  should  contain  the  same  proportion  of  lump  and  fine  coal  as 
the  delivery,  for  it  has  been  determined  that  fine  or  slack  coal  may 
have  an  ash  content,  or  a  heating  value,  different  from  lump  coal  from 
the  same  shipment. 

VOLATILE   MATTER. 

The  volatile  matter*  of  coal,  as  shown  in  analyses,  generally 
contains  some  inert  noncombustible  matter,  the  proportion  of  which 
may  range  from  1  to  15  per  cent.  The  character  of  the  volatile 
matter  in  any  given  coal  and  the  temperatures  at  which  it  is  given 
off  bear  directly  on  the  design  and  operation  of  furnaces  for  burning 
the  coal  efficiently  and  without  smoke.     The  proportion  of  combus- 

a  I'ortcr,  II.  C,  aiid  Oviu,  F.  K.,  Tbe  volatOe  matter  of  ooal.    Bulletin  1,  Bureau  of  Hlnes,  1910. 
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tible  and  noncombustible  constituents  in  the  volatile  matter  and  the 
character  of  the  combustible  constituents,  differ  in  different  coals, 
and,  therefore,  the  heating  value  of  a  coal  can  not  be  determined 
from  a  proximate  analysis.  Moreover,  different  coals  with  the  same 
proportion  of  volatile  matter  may  not  behave  alike  in  the  furnace. 
In  order  to  determine  the  comparative  value  of  two  coals  for  the  same 
purpose,  it  is  important  to  know  both  their  chemical  composition 
and  their  heating  value.  Hence  the  specifications  recommended 
by  the  Bureau  of  Mines  provide  that  before  final  awards  of  contracts, 
practical  service  tests  may  be  made  to  determine  the  relative  suit- 
ability of  the  coals  offered. 

In  the  specifications  the  contractor  is  required,  in  addition  to 
giving  the  name  and  the  location  of  the  mine  or  mines  producing 
the  coal  and  the  name  of  the  coal  bed  worked,  to  specify  the  volatile 
matter  content  and  other  proximate  analysis  determinations  of  the 
coal  he  proposes  to  furnish.  The  content  he  specifies  becomes  the 
standard  of  his  contract,  and  delivery  of  coal  with  a  different  percent- 
age of  volatile  matter,  indicating  the  substitution  of  a  coal  other  than 
that  offered,  may  result  in  the  coal  being  rejected  and  the  Govern- 
ment purchasing  coal  in  the  open  market  (the  contractor  being 
charged  with  the  difference,  if  any,  in  cost)  or  in  the  contract  being 
canceled. 

The  Government  does  not  consider  any  scheme  of  applying  penal- 
ties on  account  of  variations  in  volatile  matter  equitable,  because  the 
character  of  the  volatile  matter  and  its  heating  value  are  not  neces- 
sarily indicated  by  the  volatile  matter  determination,  and  because 
this  determination  is  made  by  an  empyrical  method  whereby  dupli- 
cate determinations  on  the  same  sample  may  differ  as  much  as  2 
per  cent  in  different  laboratories,  or,  in  fact,  in  the  same  laboratory. 
Accordingly,  no  corrections  in  price  are  made  for  variations  in  vola- 
tile matter. 

The  bureau  has  received  copies  of  commercial  and  municipal  speci- 
fications drawn  up  apparently  without  regard  to  these  facts.  One 
specification,  for  instance,  provides  for  a  correction  of  2  per  cent  in 
price  for  each  1  per  cent  of  volatile  matter  in  excess  of  the  standard 
guaranteed.  On  a  coal  sold  at  $3  per  ton,  a  deduction  of  12  cents  per 
ton  for  an  apparent  excess  of  2  per  cent  in  volatile  matter  might  be 
made,  when,  in  fact,  the  actual  volatile  matter  of  the  coal  was  not 
above  the  standard.  Specifications  of  this  nature  furnish  legitimate 
grounds  for  opposition  from  coal  companies  and  do  much  to  discredit 
the  specification  method  for  the  purchase  of  coal. 

SULPHUR  AND   CLINKER. 

Sulphur  is  commonly  present  in  combination  with  iron  or  other  ele- 
mente.    For  a  long  time  it  was  thought  that  the  sulphur  formed  clinker. 
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but  recent  investigations  point  to  the  fact  that  sulphur  is  not  the  only- 
cause  of  clinkering;  in  fact,  there  may  be  no  difficulty  from  cUnker  in 
burning  coal  containing  as  much  as  5  per  cent  or  more  sulphur.  The 
relative  proportions  of  iron,  sulphur,  lime,  alumina,  silica^  etc.,  in  the 
ash  affect  its  fusibility,  whereas  the  method  of  firing  and  the  rate  of 
combustion  are  important  factors  in  the  formation  of  clinkers.  The 
exact  relation  of  clinkering  to  the  constituents  of  the  ash  is  not  known 
so  well  that  one  can  definitely  predict  from  an  analysis  of  the  ash 
whether  a  coal  will  or  will  not  clinker.  At  many  power  plants  the 
fireman  slices  the  fire  too  often  and  works  the  ash  up  from  the  grates 
into  the  hot  coal  bed,  where  it  melts  and  fuses  into  heavy  dense 
masses  of  clinker.  At  high  rates  of  combustion  the  ash  in  a  given  coal 
may  clinker  (though  at  lower  rates  it  does  not),  because  of  the  ash 
being  raised  to  the  fusing  temperature.  The  fact  that  the  percentage 
of  sulphur  does  not  necessarily  indicate  the  behavior  of  the  coal  in  the 
furnace  is  recognized  in  the  specifications  recommended  by  the 
Bureau  of  Mines.  The  contractors,  however,  are  required  to  specify 
the  sulphur  content  so  that  standards  for  the  coals  to  be  delivered 
may  be  established. 

Many  commercial  and  municipal  specifications  exact  penalties  for 
a  slight  increase  in  the  sulphur  content,  although  coal  of  high  sulphur 
content  may  clinker  less  and  its  heating  value  may  be  higher.  One 
specification  received  by  the  Bureau  of  Mines  exacts  a  deduction  of 
5  per  cent  in  price  for  each  1  per  cent  of  sulphur  in  excess  of  thQ 
standard.  In  the  case  of  a  coal  supplied  at  $3  a  ton,  the  presence  of 
1  per  cent  of  sulphur  in  excess  of  the  standard,  as  indicated  by 
analysis,  would  often  result  in  an  unwarranted  deduction  of  15  cents 
a  ton.  Under  such  a  contract,  the  variations  which  it  is  recognized 
exist  in  sampling  and  analysis  may  cause  a-  contractor  unjustly  to 
suffer  a  heavy  deduction. 

Both  the  sulphm:  and  the  volatile-matter  content  should  be  used 
to  classify  coals  and  to  identify  the  coal  guaranteed.  Variations 
indicating  the  substitution  of  an  unsatisfactory  coaf  should  be  con- 
sidered cause  for  rejection  of  the  coal  or  for  cancellation  of  the  con- 
tract. 

NEED   OF  EXPERIENCE  AND  CAUTION  IN  SAMPLING. 

Persons  without  experience  generally  select  a  sample  better  than 
the.  average  run  of  the  coal  delivered.  Occasionally,  a  lump  unusually 
free  from  layers  of  slate  and  impurities,  and  representing  the  best  coal 
in  the  lot  rather  than  the  average,  is  selected.  After  being  broken  it 
is  shipped  to  the  laboratory  in  a  cloth  sack,  so  that  it  loses  moisture 
during  transit.  The  analysis  of  such  a  sample  necessarily  indicates  a 
value  higher  than  that  of  the  coal  delivered.    As  a  quantity  of  coal 
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may  vary  greatly  in  composition,  containing  not  only  what  may  be 
termed  coal  proper  with  certain  more  or  less  constant  impurities,  but 
also  slate,  pyrite,  and  bony  coal,  a  lump  may  be  anything  from 
almoet  pure  coal  to  material  without  fuel  value.  Hence  the  analysis 
and  test  of  a  single  lump  may  indicate  a  composition  greatly  different 
from  that  of  the  coal  at  hand.  It  is  well  to  remember  that,  since  the 
larger  lumps  of  coal  roll  down  and  collect  near  the  bottom  of  a  pile  or 
load,  a  sample  taken  entirely  from  near  the  floor  does  not  always  fairly 
represent  the  whole. 

In  spite  of  every  precaution  taken  to  prevent  loss  of  moisture  dur- 
ing the  collection,  preparation,  and  analysis  of  samples  it  is  certain 
that  loss  of  moisture  may  occur;  also  there  may  be  too  little  or  too 
much  slat^,  bony  coal,  or  other  foreign  matter  collected  in  what  is 
otherwise  a  truly  representative  gross  sample,  so  that  the  determi- 
nation of  the  heating  value  or  ash  content  does  not  strictly  agree  with 
the  actual  value  of  these  factors  in  the  coal  delivered.  However,  an 
experienced  collector,  by  using  good  judgment  and  following  the  gen- 
eral directions  given  for  collecting  and  preparing  samples,  can  obtain 
samples  so  fairly  representative  that  the  results  of  the  analyses  are 
reasonably  accurate.  The  suggestions  that  follow  are  presented  for 
the  guidance  of  those  who  wish  to  send  representative  samples  to  a 
laboratory  for  analysis  and  heating-value  tests. 

DIRECTIONS  FOB  SAMPLING. 
SIZE  OF  THB   GROSS   SAMPLE. 

The  number  of  pounds  to  be  taken  as  a  gross  sample  to  represent 
a  given  lot  of  coal  varies  with  the  character  and  condition  of  the  coal, 
and  not  the  amount  of  coal  to  be  sampled.  The  character  and  pro- 
portion of  the  bony  coal,  slate,  etc.,  and  the  size  of  the  particles 
of  both  coal  and  impurities  are  the  governing  factors.  It  is  there- 
fore evident  that  sampling  should  not  be  left  to  an  inexperienced 
person,  but  should  be  done  by  one  who  is  thoroughly  familiar  with 
the  significance  of  these  factors  and  has  some  knowledge  of  the  coal 
to  be  sampled. 

There  is  greater  probability  of  taking  too  little  than  of  taking  too 
much  coal  for  a  gross  sample.  It  is  generally  true  that  the  larger  the 
gross  sample  the  less  is  the  chance  of  its  being  nonrepresentative. 
Large  samples  must  be  taken  in  sampling  coals  that  carry  a  varying 
proportion  of  large  pieces  of  slate,  bony  coal,  or  pyrite,  for  it  is 
evident  that  including  or  excluding  large  pieces  of  the  impurities 
must  affect  the  analysis  of  a  small  sample  considerably;  hence,  the 
analysis  may  not  indicate  the  quality  of  the  coal  sampled  and,  conse> 
quently,  may  be  worthless  for  determining  the  price  to  be  paid  for 
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the  coal.  If  the  free  impurities  are  small  particles  and  ate  well  dis- 
tributed throughout  the  coal,  representative  samples  may  be  obtained 
easily.    As  stated  by  Bailey:  * 

The  larger  the  size  of  the  pieces  of  impurities  the  laiger  should  be  the  original  sample 
to  prevent  excessive  error,  and  the  same  is  true  with  respect  to  the  quantity  of 
impurities. 

The  Bureau  of  Mines  has  carried  on  experiments  and  tests  to  deter- 
mine the  quantity  of  coal  necessary  in  gross  samples  to  make  them 
fairly  representative  of  the  coal  sampled.  The  table  following  shows 
the  results  of  one  series  of  tests  and  brings  out  very  clearly  the  neces- 
sity of  gross  samples  larger  than  those  generally  collected. 

Increase  in  accuracy  of  B.  t.  u.  determination  with  increase  of  gross  sample. 
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• 

The  table  shows  the  differences  obtained  by  two  different  collectors 
on  samples  weighing  100  pounds,  200  pounds,  300  pounds,  etc.  On 
test  (a)  the  collectors  first  took  100-pound  samples  which  showed  a 
difference  of  158  B.  t.  u.  in  heating  value.  Each  man  then  collected 
100  pounds  more.  The  heating  values  of  the  first  and  second  100- 
pound  samples  were  averaged  for  each  collector  and  the  difference 
between  the  average  results  of  the  two  collectors  for  two  100-pound 
samples  was  132  B.  t.  u.  Each  man  then  collected  100  pounds  more 
of  coal.  The  averages  of  the  two  collectors  for  the  three  100-pound 
samples  differed  by  120  B.  t.  u.  In  like  manner  the  difference  in 
heating  value  for  each  successive  100  pounds  of  coal  was  determined. 
Ten  (a  to  j)  similar  tests  were  made.  For  the  cargo,  test  (a),  each 
collector  took  thirteen  100-pound  samples  of  coal,  or  1,300  pounds, 
to  represent  the  cargo,  and  the  average  of  the  13  B.  t.  u.  determina- 


a  Bailey,  E.  0.,  How  to  sample  ooal  and  coke,  Fuel  Testing  Co.,  Bull.  4, 1910.    32  pp. 
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tions  for  the  13  samples  of  one  collector  differed  by  only  7  B.  t.  u. 
from  the  average  of  the  13  B.  t.  u.  determinations  of  the  other 
collector. 

The  average  differences  are  of  especial  significance  as  showing  the 
effect  of  the  size  of  the  sample  as  a  factor  in  obtaining  a  heating  value 
which  truly  represents  the  coal  sampled,  because  the  variations  that 
are  recognized  to  exist  in  the  reduction  of  gross  samples  and  in  the 
a]ial3rtical  work  were  minimized  by  averaging;  for  example,  in  deter- 
TtiiniTig  the  average  difference  of  37  B.  t.  u,  for  the  1,000-pound 
sample,  100  heating-value  determinations  were  averaged  for  each 
collector,  200  such  determinations  being  involved  in  obtaining  the 
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m  1.— Corves  ahowlng  how  the  heating-value  determination  becomes  more  repreBeDtatlre  with 

increase  in  size  of  gross  sample. 

difference  of  37,  and  this  difference  of  37  B.  t.  u.  may  be  considered 
as  representing  the  actual  difference  in  the  heating  values  per  pound 
of  the  two  1,000-pound  gross  samples. 

The  results  given  in  the  table  have  been  plotted  in  figure  t,  the 
heating-value  differences  being  used  as  ordinates  and  the  weights  of 
the  samples  as  abscissas.  The  differences  in  ash,  **dry  coal,"  of  the 
samples  are  also  plotted  (fig.  2),  the  average  differences  in  the 
percentages  being  used  as  ordinates  and  the  weights  of  the  samples 
in  pounds  as  abscissas. 

The  curves  show  very  strikingly  the  effect  that  the  size  of  the  gross 
sample  has  in  insuring  representative  results.  As  the  size  of  the 
sample  is  decreased  the  differences  between  separate  samplings  become 
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greater  and  greater — extending  the  curves  toward  the  left  will 
show  that  with  very  small  samples  the  difference  may  become  equiv- 
alent to  the  difference  between  pure  coal  and  *' slate."  On  the  other 
hand,  the  curves  show  that  as  the  weight  of  the  sample  is  increased 
the  differences  of  ash  and  heating  value  rapidly  decrease  until  a 
point  is  reached  where  the  accuracy  obtained  by  takmg  larger 
samples  would  not  ordinarily  be  warranted,  because  of  the  expense 
which  would  be  involved  in  making  special  provisions  for  handling 
the  very  large  samples. 

The  large  differences  with  the  small  samples  show  very  forcibly 
the  necessity  for  collecting  large  gross  samples  to  insure  the  results 
of  analyses  and  heating  value  tests  being  reliable  for  determining 
the  price  to  be  paid  for  delivered  coal  and  for  preventing  injustice 
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Figure  2.— Curves  showing  how  the  ash  determination  becomes  more  representative  with  Increase  in 

size  of  gross  sample. 

to  either  seller  or  buyer.  The  collectors  each  endeavored  to  collect 
100  pounds  of  coal  representative  of  the  quantity  sampled,  but  with 
samples  weighing  only  100  pounds  a  maximum  difference  of  620 
B.  t.  u.,  ''dry  coal/'  resulted.  This  difference  was  not  due  so  much  to 
any  difference  in  the  actual  heating  value  of  the  coal  substance  as  to 
a  collector  unintentionally  and  by  chance  including  or  excluding 
pieces  of  slate,  bony  coal,  pyrite,  and  other  impurities  in  taking 
his  sample.  Obviously  payment  based  on  either  one  of  two  samples 
differing  620  B.  t.  u.  in  heating  value  would  probably  have  worked 
to  the  disadvantage  of  either  the  seller  or  the  buyer. 

One  should  remember  that  the  differences  given  in  the  table  for 
the  samples  as  they  grow  larger  decrease,  not  only  because  of  the 
fact  that  the  samples  gradually  approach  each  other  in  homogeneity, 
but  because  the  variations  in  analytical  work  and  in  the  reduction  of 
the  samples  are  diminished  as  the  number  of  determinations  used  iii 
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obtaming  the  averages  increases.    The  maximum  difference  of  620 

B.  t-  u.  for  the    100-pomid  samples  is  the  difference  between  two 

smgle  determinations,  each  of  which  includes  the  variations  due  to 

laboratory  ^work  and  the  reduction  of  the  samples.    In  this  case,  if 

the  samples  had  again  been  reduced  and  analyzed,  variations  due  to 

laboratory  ^work  and  sampling  might  have  given  a  difference  greater 

ot  less  than  620  B.  t.  u.    The  maximum  difference  of  94  B.  t.  u.  for 

the  1,000-pound  sample  is  the  difference  between  the  average  of  10 

heating-value  determinations  for  one  collector  and  the  average  of  10 

determinations  for  the  other  collector.     The  laboratory  and  sampling 

vaiiations  in  this  case  are,  it  is  seen,  averaged  or  divided,  and  it  is 

obvious  that  the  effect  of  these  variations  is  greatly  less  in  this  case 

than  in  that   of  the  two  single  determinations  wliich  differed  by 

620  B.  t.  u. 

As  has  heen  stated  and  as  is  indicated  by  the  curves,  the  differences 
in  ash  and  heating  value  rapidly  decrease  as  the  size  of  gross  sample 
is  increased  until  a  point  is  reached  where  the  accuracy  obtainable 
by  taking  larger  gross  samples  is  affected  but  slightly.  The  table 
below  shows  the  results  of  a  series  of  four  tests  in  which  each  col- 
lector took  samples  of  2,500  to  4,450  pounds  to  represent  cargoes  of 
approximately  5,500  tons  each: 

TA«  effect  of  size  of  gross  sample  on  heating-value  determination. 


1 

WeUiit 

gross 
sam- 
ple. 

Pounds 
2,500 
4,450 
3,920 
3,640 

Num- 
ber of 
sam- 
ples. 

B.  t.  u.,  "  dry  coal." 

Num- 
ber of 
B.t.u. 
deter- 
mina- 
tions 
in- 
volved. 

■ 

'    Test- 

Regular. 

ExperimAntal. 

Dif- 
lereneo 

be- 
tween 
aver- 
ages. 

• 

Origi- 
nals. 

Dupli- 
cates. 

Aver- 
ago. 

Orfel- 
nals. 

14,642 
14,771 
14,84S 
14,805 

Dupli- 
cates. 

Aver- 
age. 

A 
B 

5 

8 
14 
13 

14.656 
14,722 
14,802 
14,876 

14.652 
14,743 
14,809 
14,887 

14,654 
14,733 
14.806 
14,882 

14,666 
14,770 
14.N56 
14,840 

14,654 
14,771 
14,H52 
14,823 

0 
38 
46 
59 

20 
32 
56 
52 

1 

One  object  of  these  tests  was  to  establish  the  fact  that  beyond 
certain  limits  accuracy  is  little  affected  by  larger  gross  samples, 
and  on  comparing  the  differences  in  this  table  with  the  differences 
in  the  table  on  page  16  it  is  seen  that  this  fact  Is  borne  out. 

In  thb  table  the  weight  of  the  gross  sample,  in  tost  A,  for  instance, 
is  the  quantity  of  coal  which  each  collector  took  to  represent  the 
cai^.  Each  collector's  gross  sample  was  reduced  to  five  successive 
quantities — that  is,  in  test  A,  after  the  collector  had  accumulated 
500  pounds,  he  prepared  it  for  transmittal  to  the  laboratory.  After 
each  of  his  500-pound  samples  had  been  reduced  to  approximately 
6  pounds,  it  was  halved  by  the  use  of  a  riffle  and  the  halves  placed 
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in  separate  mailing  cans.  One  of  these  halves,  tenned  the  'dupli- 
cate," is  ordinarily  retained  and  held  as  a  reserve,  while  the  '*  original " 
is  mailed.  In  this  investigation,  however,  the  *' duplicates"  were 
mailed  as  well,  and  the  "originals"  and  *' duplicates"  were  both 
analyzed.  Then  in  test  A  the  average  of  the  analyses  of  the  five 
"original"  samples  was  14,656  and  of  the  five  "duplicates"  14,652, 
the  average  of  the  "originals"  and  "duplicates"  being  14,654. 
The  samples  collected  by  one  collector  are  termed  the  "regular" 
samples,  while  the  samples  collected  by  the  other  collector  are  termed 
the  "experimental." 

In  tests  A,  B,  and  C  the  collectors  sampled  the  same  cars,  portions 
of  coal  being  taken  from  every  second  car  of  coal  discharged  into 
the  ship.  In  test  D  one  collector  took  portions  from  .  the  first, 
third,  fifth,  etc.,  cars,  while  the  other  collected  portions  from  the 
second,  fourth,  sixth,  etc.,  cars,  so  that  their  combined  gross  sam- 
ples of  7,280  pounds  was  made  up  of  coal  from  every  car  loaded. 
As  the  collectors  sampled  entirely  different  cars  in  test  D,  the  fact 
that  the  difference  between  the  heating  values  of  their  samples  is 
slightly  greater  than  on  the  other  tests  is  not  surprising,  and  shows 
by  comparison  with  tests  A,  B,  and  C  that  the  method  of  sampling 
every  second  car  gives  results  which  can  be  taken  as  representing 
an  entire  cargo. 

The  differences  obtained  between  the  "originals"  and  "duph- 
cates"  vary  from  1  B.  t.  u.,  for  the  "experimental"  samples  of 
test  B,  to  35  for  the  "experimental"  samples  of  test  D,  which  shows 
that  there  is  an  element  of  chance  which  sample  is  forwarded  and 
termed  the  "original."  In  the  routine  reporting  on  cargoes  only 
one  set  of  samples  is  analyzed  to  represent  a  cargo;  thus  in  test  D 
it  may  be  considered  that  the  value  which  might  have  been  reported 
on  the  cargo  would  have  been  either  14,876,  14,887,  14,805,  or 
14,840,  depending  on  which  set  of  samples  had  by  chance  been 
forwarded  for  routine  analysis  and  report — that  is,  a  difference  of 
82  B.  t.  u.  in  the  reports  may  have  resulted.  Differences  due  to 
such  causes,  as  well  as  to  others,  must  be  recognized  in  interpreting 
a  coal  analysis  and  in  drawing  up  specifications  that  provide  for 
adjustment  in  price  according  to  the  determinations  reported  by 
the  laboratory.  These  determinations  reported  are  given  a  liberal 
construction  in  the  specifications  prepared  by  the  Government 
(see  pp.  52-66). 

The  tests  were  made  with  Pocahontas  and  New  River  coals.  These 
coals  are  relatively  free  from  the  "extraneous"  impurities,  and 
are  comparatively  easy  to  sample.  Greater  differences  are  to  be 
expected  with  coal  of  firmer  physical  structure  containing  a  con- 
siderable proportion  of  impurities  in  large  pieces  or  large  lumps  of 
coal  with  strata  of  bone,,  slate,  pyrite,  or  sulphur  balls  or  lenses. 
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Hence  larger  gross  samples  should  be  collected  from  such  a  coal  to 
insure  the  results  of  analyses  and  tests  being  fairly  representative  of 
the  coal  delivered. 

Because  small  samples  may,  and  quite  generally  do,  indicate  a 
value  for  the  coal  sampled  that  differs  from  the  actual  value,  the 
s{)ecificatioiis  that  are  recommended  by  the  Buieau  of  Mines  provide 
for  the  collection  of  a  gross  sample  weighing  not  less  than  approxi- 
mately 1,000  poimds.  If  the  coal  to  be  sampled  contains  an  unusual 
amount  of  impurities,  and  if  the  pieces  of  such  impurities  are  very 
large,  it  may  be  necessary  to  (collect  larger  gross  samples,  ofj  even 
1,500  pounds  or  more. 

Whether  a  delivery  consists  of  1  ton  or  100  tons,  the  need  of  the 
gross  sample  weighing  1,000  pounds  or  more  is  the  same.  One 
such  sample  carefully  taken  and  reduced  to  a  quantity  convenient 
for  transmittal  to  the  laboratory  can  well  represent  a  delivery  of 
several  hundred  or  a  thousand  tons  of  coal. 

For  convenience,  however,  and  to  avoid  long  storage  of  the  sam- 
ples, the  Bureau  of  Mines  considers  it  advisable  that  one  sample  of 
1 ,000  pounds  or  more  should  be  collected  each  week  in  the  case  of 
Government  contracts  calling  for  more  or  less  regular  deliveries  each 
week.  If,  however,  the  quantity  delivered  during  a  week  is  rela- 
tively small,  then  the  sample  may  represent  the  coal  delivered  during 
a  longer  period.  To  facilitate  accounting,  many  branches  of  the 
Government  service  order  contractors  to  deliver  certain  quantities, 
usually  100  to  500  tons.  In  such  cases  the  samples  are  collected  to 
represent  the  order  without  special  regard  to  the  period  covered, 
and  one  or  more  gross  samples  of  1,000  pounds  or  more  each  is 
collected,  as  may  be  most  practical  and  expedient  in  view  of  the 
facilities  for  sampling  and  the  other  considerations  involved. 

In  sampling  caigo  deliveries  of  5,000  and  more  tons,  the  Bureau 

of  Mines  collects  from  4,000  to  5,000  pounds  of  coal  as  a  gross  sample. 

In  order  that  the  preparation  of  the  samples  may  proceed  while  the 

cargo  is  being  loaded,  after  approximately  500  pounds  has  been 

collected  it  is  reduced  down  to  a  quantity  convenient  for  mailing 

to  the  laboratory,  and  each  succeeding  500  pounds  is  likewise  reduced. 

This  procedure  makes  unnecessary  the  accumulation  of  a  quantity 

of  coal  that  can  not  be  systematically  and  conveniently  handled  in 

the  short  time  and  the  small  space  usually  available.    Two  or  more 

of  the  samples  are  combined  and  reduced  to  one  in  the  laboratory, 

and  four  or  five  analyses  are  usually  made  for  a  cargo,  and  a  report 

on  the  cargo  is  obtained  by  averaging  the  analyses.    The  samples 

may,  however,  be  mixed  in  the  laboratory  and  only  one  analysis 

made  to  represent  the  cargo.    Though  the  experiments  which  have 

been  made  indicate  that  a  sample  of  approximately  1,000  pounds 

will  give  results  fairly  representative  of  the  cargo,  the  objection  to 
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the  1,000-pound  sample  is  that  it  is  too  small  to  allow  of  the  frequent 
collection  of  shovelfuls  or  portions  of  any  quantity  throughout  the 
loading  of  the  cargo.  As  it  generally  happens  that  coal  from  a 
number  of  mines  is  loaded  into  the  same  cai^o,  it  is  desirable  to 
collect  a  considerable  quantity  of  coal,  so  that  each  mine  may  be 
well  represented  in  the  gross  sample.  It  is  obvious  that  the  more 
frequently  the  portions  are  collected  and  the  greater  the  quantity 
sampled  the  less  the  probability  that  the  sample  will  be  nonrepre- 
sentative;  accordingly,  the  bureau  considers  that  in  sampling  5,000- 
ton  cargoes  safety  lies  rather  in  the  larger  gross  sample. 

WHEN  TO   COLLECT   SAMPLES. 

The  best  opportunities  for  procuring  representative  samples  are 
afforded  while  the  coal  is  being  unloaded  from  railroad  cars,  ships, 
and  barges,  or  while  it  is  being  dumped  from  wagons.  Once  the  coal 
is  stored  in  piles  or  bins,  or  loaded  on  vessels,  the  procuring  of  repre- 
sentative samples  is  practically  impossible  unless  the  whole  quantity 
of  coal  is  immediately  handled  again  and  the  conditions  for  sampling 
become  favorable.  Samples  collected  from  the  coal  exposed  in  piles, 
bins,  barges,  or  sliips  can  be  considered  representative  only  under  the 
condition  that  the  mass  of  coal  is  homogeneous  throughout.  Such  a 
condition  is  highly  improbable  and  uncertain,  and  the  analysis  of 
samples  collected  from  the  surface  may  give  results  that  are  very 
xmrdiable  as  indicating  the  nature  of  the  entire  quantity,  and  that 
may  be  worthless  as  a  basis  for  determining  an  equitable  price  to  be 
paid  for  the  coal. 

COLLECTION   OF  GROSS   SAMPLES. 

When  coal  is  being  unloaded  from  wagons,  railroad  cars,  ships,  or 
barges,  a  shovel  or  a  specially  designed  tool  may  be  used  for  taking 
poAions  or  increments  of  10  to  30  pounds  to  make  up  the  gross  sample 
of  coal.  As  the  size  of  the  increments  should  be  governed  by  the  size 
and  weight  of  the  largest  pieces  of  coal  and  impurities,  increments  of 
more  than  30  pounds  may  be  required  for  coals  containing  large  pieces 
of  coal  and  impurities. 

If  one  chute  or  conveyer  is  used  for  delivering  a  considerable  quan- 
tity of  coal  to  or  from  wagons,  cars,  or  ships,  it  may  prove  expeditious 
and  economical  to  devise  a  mechanical  means  for  collecting  portions 
from  fractional  parts  of  the  discharged  coal,  or  continuously  deflect- 
ing a  portion  of  the  coal  as  it  falls  down  the  chute,  or  diverting  from 
the  conveyer  definite  portions  of  coal,  and  thus  mechanically  and 
automatically  collecting  the  gross  sample. 

The  mechanical  collection  of  samples  is  preferred  to  shovel  sam- 
pling, as  it  eliminates  the  personal  equation.     As  the  mechanical 
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sampler  does  not  discriminate  for  or  against  taking  more  or  less 
''slate"  or  other  impurities,  so  a  person  should  collect  samples  with 
a  shovel  in  the  main  without  regard  to  impurities,  because  the  amount 
of  the  impurities  included  in  a  sample  must  largely  be  left  to  chance, 
since  it  is  imj>ossible  to  rate  correctly  the  proportion  of  the  impurities 
concealed  in  the  coal,  however  competent  the  sampler  may  be.  A 
mechanical  sampler  should  preferably  take  the  whole  of  the  stream 
of  coal  flowing  down  the  chute  a  part  of  the  time  rather  than  a  part 
of  the  stream  all  the  time,  because  the  sizes  and  chaxacter  of  the 
pieces  of  coal  and  impurities  are  not  apt  to  be  evenly  distributed 
across  the  stream.  Excellent  opportunity  is  afforded  for  procuring 
representative  samples  if  the  entire  consignment  of  coal  is  crushed 
unmediately  after  it  is  weighed  and  delivered,  for  then  the  samples 
can  be  collected  from  the  crushed  coal.  If  the  coal  is  conveyed  from 
the  crusher  by  a  conveyer,  means  can  be  devised  for  mechanically 
and  automatically  diverting  from  the  conveyer  definite  portions  of 
coal  to  make  up  the  gross  sample. 

The  portions  should  be  regularly  and  systematically  collected,  so 
that  the  entire  quantity  sampled  will  be  represented  proportionately 
in  the  gross  sample.  The  interval  at  which  the  portions  are  collected 
should  be  regulated  so  that  the  gross  sample  collected  will  weigh  not 
less  than  approximately  1,000  pounds.  If  the  coal  contains  an 
unusual  proportion  of  impurities,  such  as  slate,  bony  coal,  and 
pyrite,  and  if  the  pieces  of  such  impurities  are  very  large,  it  will  be 
necessary  to  collect  gross  samples  of  even  1,500  pounds,  or  more,  but 
for  slack  coal  and  for  small  sizes  of  anthracite,  if  the  impurities  are 
not  in  abnormal  proportion  or  in  pieces  larger  than  about  three- 
quarters  of  an  inch,  and  if  the  impurities  are  evenly  distributed 
throughout  the  coal,  a  gross  sample  of  approximately  600  pounds 
may  prove  sufficient.  The  gross  sample  should  contain  the  same 
proportion  of  lump  coal,  fine  coal,  and  impurities  as  the  coal  delivered. 
As  the  portions  are  collected  they  should  be  deposited  in  a  receptacle 
having  a  tight-fitting  Ud  provided  with  a  lock. 

WAOONLOAD  DELIVERIES. 

A  gross  sample  taken  by  hand  from  coal  delivered  by  wagon  at  a 
Government  building  should  consist  of  shovelfuls  of  coal  taken  from 
every  first,  second,  or  third  wagonload  as  it  is  being  discharged,  the 
number  of  shovelfuls  taken  and  the  loads  sampled  being  dependent 
on  the  number  of  loads  which  the  gross  sample  is  to  represent.  If 
the  coal  is  discharged  immediately  into  a  crusher,  it  is  preferable  to 
collect  shovelfuls  of  the  crushed  coal. 

If  it  is  desired  to  sample  coal  delivered  in  small  lots  by  wagons  to  a 
large  number  of  buildings  from  one  source  of  supply  where  the  coal 
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is  all  weighed;  and  if  the  collection  of  samples  at  each  building  will 
involve  considerable  expense,  samples  may  be  conveniently  collected 
at  minimum  expense  at  the  source  of  supply  when  the  coal  is  loaded 
into  the  wagons.  In  such  case  the  samples  are  collected  without 
regard  to  delivery  points,  the  object  being  to  sample  the  coal  loaded 
into  the  wagons.  At  the  end  of  the  month  or  upon  the  completion 
of  an  order  the  corrected  price  per  ton,  if  there  be  any  corrections  on 
account  of  coal  varying  from  the  standards  guaranteed  by  the  con- 
tractor, applias  to  each  individual  delivery  point.  Shovelfuls  of  coal 
should  be  taken  from  each  wagonload,  or  every  second  or  third,  etc., 
wagonload,  the  number  of  shovelfuls  taken  and  the  number  of  wagon- 
loads  sampled  being  dependent  upon  the  number  of  loads  which  the 
gross  sample  is  to  represent. 

It  is  important  to  obtain  representative  portions  of  coal  from  every 
part  of  the  delivery,  so  that  the  sample  will  show  the  quality  of  the 
delivery  or  order  as  a  whole.  The  gross  sample  should  contain  about 
the  same  proportion  of  lump  coal,  fine  coal,  and  foreign  matter  as  the 
coal  delivered. 

CARLOAD  DELIYEBIES. 

Samples  taken  from  raiboad  cars  should  not  be  limited  to  a  few 
shovelfuls  of  coal  procured  from  the  top  of  a  car,  for  the  size  of  the 
coal  and  the  proportion  of  foreign  matter  may  vary  from  the  top  to 
the  bottom  of  the  car.  The  only  way  to  obtain  a  representative 
sample  is  to  take  a  number  of  shovelfuls  or  portions  of  coal  from  dif- 
ferent points  in  a  car,  from  top  to  bottom  and  from  end  to  end,  while 
the  coal  is  being  unloaded. 

When  sampling  coal  deUvered  from  open  cars  and  unloaded  by 
hand  shovelfuls  should  be  taken  at  regular  intervals  as  the  coal  is 
unloaded  into  wagons  or  bins. 

When  coal  is  being  sampled  from  dump  cars,  ladlefuls  (see  p.  25) 
or  shovelfuls  should  be  taken  from  the  stream  of  coal  being  discharged 
to  the  bins  or  ship.  If  the  discharged  coal  is  immediately  crushed 
the  gross  sample  should  preferably  be  collected  after  the  coal  leaves 
the  crusher. 

If  a  number  of  carloads  are  deUvered  on  an  order  or  during  a  short 
period  the  preparation  of  a  gross  sample  of  1,000  pounds  or  more  for 
each  car  would  involve  considerable  time,  labor,  and  expense  at  the 
deUvery  point,  as  well  as  in  the  laboratory;  in  fact,  a  gross  sample  for 
oach  car  would  not  be  required,  for  if  a  gross  sample  is  carefully  taken 
and  prepared  it  can  well  represent  a  number  of  cars.  If  a  gross  sample 
is  collected  to  represent  two  or  more  cars  representative  portions  of 
the  coal  should  be  taken  in  equal  quantities  from  each  car. 

The  method  followed  by  the  Bureau  of  Mines  in  sampling  coal 
discharged  from  railroad  cars  directly  into  ships  is  given  under 
''Cargo  shipments." 


SAMPLING  COAL  DELIVEBIES.  25 


CARGO  SHIPMENTS. 


In  sampling  cargoes,  as  in  sampling  carloads,  portions  of  coal 
should  be  taken  in  equal  quantities  and  at  frequent  and  regular 
intervals  so  as  to  represent  proportionate  parts  of  the  consignment 
as  a  whole,  either  while  the  coal  is  being  loaded  or  unloaded.  There 
is  no  assurance  that  a  sample  or  a  series  of  samples  taken  from  the 
top  of  the  cargo  represents  the  cargo  as  a  whole;  in  fact,  it  is  very- 
doubtful  if  such  samples  are  ever  representative.  If  the  vessel  is 
being  loaded  directly  from  the  railroad  car  portions  of  coal  should 
be  taken  from  as  many  cars  as  practicable;  for  cargoes  of  4,000  tons 
and  more  loading  in  12  to  36  hours  it  may  be  impossible  to  collect 
portions  from  every  railroad  car  dumped,  unless  a  number  of  sample 
collectors  are  employed  or  the  sample  is  collected  automatically  by  a 
mechanical  device,  because  of  the  rapidity  with  wliich  the  cars  may 
pass  over  the  pier.  In  this  event  portions  sliould  be  taken  from  every 
second  ear  if  practicable  and  these  portions  mixed  to  form  gross 
samples. 

The  Bureau  of  Mines  has  charge  of  the  sampling  of  cargo  shipments 
of  coal  to  the  Isthmus  of  Panama,  account  of  the  Panama  Railroad 
Co.  The  coal  is  loaded  at  present  from  piers  on  Hampton  Roads, 
Norfolk,  and  Newport  News,  Va.,  directly  from  railroad  cars  into 
ships  CBJTpng  from  4,000  to  6,500  tons  of  coal.  The  method  followed 
is  to  collect  portions  of  coal  from  every  second  railroad  car  dumped, 
from  60  to  70  pounds  being  taken  from  each  car  sampled.  From  4,000 
to  5,000  pounds  are  usuall}'  collected  as  gross  samples  to  represent  a 
cargo  (see  p.  21  under  "Size  of  the  gross  sample").  The  gross 
samples  are  reduced  in  successive  stages,  rather  than  accumulated  and 
later  reduced  to  quantities  convenient  for  transmittal  to  the  labora- 
tory. 

The  portions  making  up  the  gross  samples  are  taken  from  the  coal 
as  it  is  discharged  from  the  bottom-dump  cars  by  the  use  of  a  shovel 
or  a  specially  constructed  ladle.  The  ladle  has  a  handle  about  5  feet 
long  and  a  bowl  1  foot  in  diameter  at  the  top,  9  inches  at  the  bottom, 
with  depth  of  9i  inches,  and  holds  from  25  to  30  pounds  of  coal.  To 
collect  samples  with  the  ladle,  it  is  rested  on  the  rails  of  the  track  or 
on  the  chains  that  support  the  gates  of  the  car.  Two  ladlefuls  are 
usually  taken  from  a  car,  one  from  one  side  and  the  other  from  the 
other  side  at  the  opposite  end,  thereby  obtaining  portions  from  dif- 
ferent parts  of  the  car.  Care  is  observed  to  not  collect  portions  of 
the  first  or  last  coal  spilling  from  the  car,  for  the  moisture  content  or 
proportions  of  foreign  matter  in  such  coal  may  render  the  sample 
unrepresentative.  If  circumstances  permit,  the  ladle  is  shifted  and 
filled  from  different  sections  of  the  stream  of  falling  coal.  It  some- 
times happens  that  the  coal  is  discharged  very  rapidly,  in  which  case 
the  collector  must  be  alert  to  collect  portions  at  the  most  desirable 
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periods  and  must  take  care  that  the  coal  does  not  wrench  the  ladle 
out  of  his  hands  or  jerk  him  down  and  do  him  bodily  injury. 

The  method  of  sampling  cargo  shipments  has  been  established  as 
the  result  of  numerous  experiments,  and  it  is  considered  that  the 
analytical  reports  obtained  are  representative  within  limits  reason- 
ably to  be  expected  for  work  of  this  nature.  In  the  table  below  are 
given  the  results  obtained  by  two  men  (in  two  cases,  three)  separately 
and  independently  collecting  samples  to  represent  the  same  cargo. 
Under  test  A,  three  men  collected  separately  and  independently  13 
100-pound  samples  each,  and  the  average  of  the  analyses  of  the  13 
samples  of  the  man  regularly  delegated  on  the  work  is  indicated  as 
the  "Regular''  result,  while  the  results  of  the  other  two  are  desig- 
nated "Experimental."  The  first  differences  under  column  headed 
"Difference"  are  between  the  "Regular"  and  first  "Experimental," 
and  the  second  differences  are  between  the  "Regular"  and  second 
"Experimental,"  while  the  third  differences  are  between  the  two 
"  Experimentals "  (for  all  practical  purposes  of  comparison,  one  of 
the  "Experimentals"  being  considered  as  "Regular"  in  obtaining 
the  third  differences). 

The  samples  were  collected  with  shovel  or  ladle,  as  indicated  by  S 
or  L,  one  object  of  the  tests  being  to  determine  relative  values  of  the 
two  tooLs  for  use  in  collecting  samples — a  study  of  the  table  shows 
that  as  far  as  results  are  concerned,  it  istimmaterial  which  is  used. 

All  the  samples  of  certain  sets  were  analyzed  in  the  Bureau  of  Mines 
laboratory  at  Pittsburgh,  Pa.,  the  others  being  analyzed  in  its  Wash- 
ington laboratory.  The  samples  analyzed  in  Pittsburgh  are  indi- 
cated by  P,  those  in  Washington  by  W.  A  study  of  the  results  show 
that  for  practical  purposes,  it  is  immaterial  in  which  laboratory  the 
determinations  were  made,  especially  with  respect  to  the  ash  content 
and  the  heating  value.  The  laboratories  differ  somewhat,  however, 
in  the  moisture  determinations,  this  being  due  to  the  fact  that  when 
the  experiments  were  conducted,  the  Washington  laboratory  did  not 
follow  the  "air-drying"  method  used  at  Pittsburgh  for  determining 
moisture.  The  methods  are  diagrammatically  shown  on  pages  40 
and  41.  The  results  show,  as  expected,  that  the  "  air-drying"  method 
gives  a  slightly  higher  moisture  content. 

In  tests  A  to  F,  inclusive,  each  man  sampled  every  third  car,  col- 
lecting about  35  pounds  to  the  car,  three  such  portions,  or  100  pounds, 
representing  every  9  cars  loaded  into  the  ship.  The  men  sampled 
the  same  cars,  except  those  indicated  by  asterisks;  in  which  cases  the 
"Experimental"  samples  were  collected  from  cars  not  sampled  by 
the  other  man  or  men. 

In  tests  G,  H,  I,  and  J,  the  men  collected  approximately  70  pounds 
from  every  second  car,  8  such  portions  being  mixed,  giving  from  500 
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to  550  pounds  to  represent  16  cars  loaded  into  the  ship  for  tests  G 
imd  Hy  vrhereas  4  such  portions  were  mixed  for  tests  I  and  J. 

For  practical  purposes,  the  table  shows  that  it  is  immaterial 
whether  the  shovel  or  ladle  is  used;  whether  samples  are  analyzed 
in  Washington  or  Pittsburgh  laboratories;  that  the  larger  gross 
samples  do  not  give  closer  agreement  than  the  smaller  ones;  and  that 
portions  of  coal  collected  from  every  second  or  third  car  give  results 
which  fairly  represent  a  caigo. 

Check  cargo  sampling. 
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The  bureau  is  making  a  study  of  the  conditions  on  the  piers,  with 
a  view  of  devising  means  whereby  the  samples  can  be  automatically 
and  mechanically  collected,  prepared,  and  reduced  to  quantities  con- 
venient for  transmittal  to  the  laboratory.  At  one  of  the  three  railroad 
tenmnals  loading  at  Hampton  Koads,  Va.,  the  bureau  has  installed 
a  crusher  for  crushing  the  gross  samples  to  i-inch  mesh  and  finer, 
and  parting  devices  for  reducing  the  samples  in  quantity.  It  is 
proposed  to  install  crushers  and  equipment  at  the  other  two  points. 

Because  of  the  suddenness  with  which  the  coal  may  break  through 
and  drop  out  of  the  raiboad  car  after  the  gates  are  open  and  because 
of  the  momentum  of  the  rapidly  falling  coal,  it  may  be  impossible  to 
collect  a  satisfactory  sample  by  attempting  to  catch  coal  in  a  shovel 
or  ladle.     In  such  event,  it  may  be  necessary  to  collect  shovelfuls  of 


28  SAMPLING  GOAL  DELIVBBIBS. 

the  coal  that  has  overflowed  on  the  pier.  If  beams  10  to  12  inches 
wide  span  the  pockets  immediately  underneath  the  car^  a  fairly 
satisfactory  sample  can  often  be  collected  in  shovelfuls  from  the  coal 
lodging  on  the  beams. 

Though  the  collector  may  use  the  shovel  or  ladle  to  the  best  of  his 
ability^  these  tools  may  collect  portions  of  coal  that  do  not  contain 
lump  coal  in  the  same  proportion  that  exists  in  the  car.  '  Eispecially 
may  this  occur  if  the  coal  contains  a  large  proportion  of  lumps  of 
considerable  size.  In  that  events  the  collector  should  collect  portions 
of  lumps  from  time  to  time  and  add  them  to  the  sample.  Necessarily 
the  collector  must  be  relied  upon  to  collect  a  sample  under  these 
conditions  that  will  fairly  represent  the  proportions  of  lump  and 
slack  coal  contained  in  the  coal  sampled  and  it  follows  that  the 
collector  must  have  experience  in  sampling  and  be  able  to  judge  the 
coal  and  the  sample. 

In  sampling  large  quantities  of  coal  in  a  short  period  the  collector 
frequently  works  under  disadvantages  and  has  not  the  opportunity 
to  select  more  leisurely  and  methodically  portions  of  coal  to  make 
up  a  gross  sample,  as  he  can  in  sampling  wagonload  deliveries  or  in 
single  carloads  or  barges  unloaded  by  shovel,  clam  shells,  or  grab 
buckets,  and  this  fact  should  be  considered  in  comparing  the  results 
of  sampling  cargo  with  wagon  or  railroad-car  deliveries. 

In  collecting  samples  from  coal  as  it  is  unloaded  from  a  ship,  the 
same  general  instructions  apply;  the  cargo  being  systematically 
sampled  during  the  entire  period  of  unloading,  so  that  samples  will 
be  collected  which  represent  the  quantity  as  a  whole.  If  unloaded 
by  grab  buckets  or  into  barrows,  shovelfuls  should  be  collected  at 
regular  intervals  from  the  buckets  or  barrows.  If  the  coal  is  crushed 
inunediately  after  it  is  unloaded,  it  is  preferable  to  collect  samples 
from  the  crushed  coal. 

SAMPLE   RECEPTACLE. 

As  the  wagons  or  railroad  cars  may  arrive  irregularly  and  the  coal 
be  intermittently  unloaded,  a  metal  receptacle  or  wooden  box  of  a 
size  to  hold  a  gross  sample  of  at  least  1,000  poimds,  with  a  tight- 
fitting  lid,  which  can  be  locked,  is  required  for  holding  the  portions 
of  coal  taken  from  each  wagon  or  car  until  the  gross  sample  is  com- 
pleted. In  sampling  cargo  deUveries,  buckets  holding  60  to  70  pounds 
may  prove  more  satisfactory  to  use  for  receiving  the  portions  making 
up  a  gross  sample,  as  the  samples  are  usually  worked  down  as  the 
loading  progresses  and  the  buckets  are  convenient  for  carrying 
the  coal  to  the  space  available  for  preparing  the  gross  samples.  If 
the  gross  samples  are  stored,  a  box  should  be  provided  or  else  a 
sufficient  number  of  buckets  with  tight-fitting  lids  and  locks  should  be 
available. 
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The  buckets,  boxes,  or  receptacles  should  be  inspected  each  time 
before  using  and  thoroughly  cleaned  to  remove  the  coal  dust  remain- 
ing from  previous  samples  and  any  foreign  matter  that  may  by 
chance  be  in  them. 

OOLLECnON  OF   SPECIAL  MOISTURE   SAMPLES. 

DurJTig  the  collection  of  gross  samples  and  their  reduction  to  quan- 
tities that  are  convenient  for  transmittal  to  the  laboratory  and  that 
correctly  represent  the  ash,  sulphur,  and  heating  value  of  the  coal 
saxapled,  it  is  ordinarily  impossible  to  retain  in  the  sample  all  the 
moisture  that  was  in  the  delivered  coal.  Obviously,  if  it  is  desired 
to  determine  the  amount  of  moisture  in  delivered  coal,  special  moisture 
samples  are  usually  necessary.  Owing  to  the  fact  that  a  sample  un- 
avoidedly  loses  moisttu*e  during  every  stage  of  handling  and  prepara- 
tion, the  special  moisture  samples  must  be,  in  a  sense,  grab  samples 
and  must  be  collected,  prepared,  and  placed  in  a  sealed  container  with 
as  little  delay  as  possible. 

If  a  gross  sample  is  collected  during  a  period  of  a  few  hours  or  a 
very  few  days  and  the  sample  is  collected  and  stored  under  conditions 
so  as  to  preserve  its  moisture  content,  a  special  moisture  sample  may 
be  collected  from  the  gross  sample  after  it  has  been  rapidly  crushed, 
so  that  it  will  all  pass  through  a  1-inch  screen  (the  fineness  to  which 
the  gross  sample  is  reduced  by  the  first  crushing,  see  table  on  p.  33). 
It  should  be  collected  in  a  place  comparatively  cool  and  protected 
from  rain,  snow,  wind,  and  the  sim's  rays.     A  small  scoop  may  be 
used  for  collecting  the  sample.    The  scoop  should  have  a  capacity 
to  hold  about    one    poimd   of   coal — a  scoop  with  bottom  about 
2i   inches  wide   and  8^  inches  long   and   vertical   sides   about   2 
inches  high  is  about  the  right  size.     As  the  crushed  coal  is  shoveled 
into  a  conical  pile  (p.  34),  scoopfuls  should  be  regularly  and  syste- 
matically collected  so  that  approximately  one  scoopful  will  be  col- 
lected to  every  two  shovelfuls  (about  30  poimds)  deposited  on  the 
cone,  thereby  collecting  a  special  moisture  sample  weighing  from  30 
to  50  poimds.     As  the  scoopfuls  are  collected  they  should  be  placed  in 
a  receptacle  which  can  be  tightly  closed.    After  the  gross  sample  has 
been  formed  into  a  conical  pile  (p.  34)  and  the  special  moisture  sample 
weighing  30  to  50  pounds  has  been  accumulated,  the  special  moisture 
sample  should  be  unmediately  and  rapidly  crushed  so  that  no  pieces 
of  coal  or  impurities  are  larger  than  one-half  inch;  and  it  should  be 
rapidly  coned,  flattened,  and  quartered,  and  a  mailing  can  (p.  43) 
filled  by  taking  portions  from  each  quarter  by  use  of  the  scoop  (each 
portion  only  partly  filling  the  scoop).    The  mailing  can  should  be 
properly  sealed  at  once  (p.  43)  and  forwarded  to  the  laboratory. 

If  the  gross  sample  in  the  above  case  is  crushed  mechanically  and 
reduced  to  the  quantity  desired  for  transmittal  to  the  laboratory  by 


30  SAMPLING  COAL  DELIVEBIES. 

use  of  sampling  machines  in  such  a  manner  and  in  machines  so 
designed  that  moisture  losses  are  minimized,  then  the  collection  of  a 
special  moisture  sample  may  prove  unnecesssry,  as  the  moisture 
determination  made  on  the  regular  sample  will  represent,  within 
reasonable  limits,  the  moisture  content  in  tlie  coal  delivered. 

If  a  gross  sample  is  collected  during  a  period  of  several  days,  and  if 
it  m  manifest  that  the  sample  will  lose  moisture  during  its  storage 
and  preparation,  the  special  moisture  sample  should  be  accumulated 
by  placing  in  a  receptacle  small  portions  of  the  freshly  taken  incre- 
ments making  up  the  gross  sample.  Under  these  conditions  it  is 
desirable  that  a  receptacle  which  can  be  hermetically  sealed  and  has 
a  capacity  of  about  70  pounds  be  provided  in  which  to  preserve  the 
portions  making  up  the  special  moisture  sample  as  they  are  taken 
each  day.  After  the  gross  sample  is  accumulated  a  quantity  con- 
venient for  transmittal  to  the  laboratory  should  be  selected  from  the 
special  moisture  sample  (in  accordance  with  the  method  given  above) 
and  forwarded  in  the  mailing  can,  properly  sealed  for  special  moisture 
determination. 

If  two  or  more  railroad  cars  are  to  be  represented  by  one  gross 
sample,  and  if  the  cars  contain  different  amounts  of  moisture  seem- 
ingly in  excess  of  the  maximum  moisture  content  guaranteed,  mois- 
ture samples  should  be  taken  separately  from  each  car.  If  a  single 
gross  sample  is  to  represent  several  days'  delivery,  and  if  because  of 
heavy  intermittent  rains  there  is  a  considerable  difference  in  moisture 
content  between  each  day's  delivery,  and  each  contains  moisture  in 
excess  of  the  maximum  content  guaranteed,  then  a  special  moisture 
sample  should  be  taken  representing  each  day's  delivery.  Payment 
for  the  entire  quantity  on  account  of  ash  and  B.  t.  u.,  "dry  coal,"  is 
determined  from  the  analysis  of  the  gross  sample,  but  corrections  on 
account  of  excessive  moisture  should  apply  to  the  particular  car  or 
cars,  or  day's  delivery.  The  purchaser  would  be  at  a  disadvantage 
on  account  of  heavy  rain  if  corrections  for  moisture  did  not  apply  to 
each  day's  delivery  or  fraction  of  the  delivery,  because  if  the  special 
moisture  samples  were  mixed,  and  one  special  moistiu^e  determina- 
tion only  made,  the  effect  of  the  heavy  rains  would  largely  bo  averaged 
out  in  the  mixture,  and,  in  addition,  in  storing,  mixing,  and  reducing 
the  samples  more  or  less  moisture  would  be  lost. 

PREPARATION   OP  THE   GROSS    SAMPLE. 

Though  a  gross  sample  may  he  collected  ever  so  carefully  and  may 
represent  the  coal  sampled,  uvless  it  is  prepared  in  cuxordance  with 
well  recognized  principles,  the  results  of  analysis  and  test  may  he  wofih- 
less  for  determining  eguitahle  settlement  for  the  coal. 

The  portions  taken  in  making  up  the  gross  sample  should  be  imme- 
diately placed  in  a  box  or  a  receptacle  having  a  tight-fitting  cover 
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and  lock  for  storage  until  it  is  reduced  to  a  quantity  convenient  for 
traDsmitting  to  the  laboratory.  Each  receptacle  should  be  securely 
locked  and  the  key  held  by  a  responsible  employee. 

If  it  is  desired  to  determine  the  moisture  content  of  a  gross  sample 
that  h.as  been  collected  in  a  comparatively  short  time  under  pre- 
cautions to  minimize  moisture  loss,  the  sample  should  be  placed  in  a 
comparatively  cool  place  and  the  crushing,  mixing,  and  reduction 
for  shipment  to  the  laboratory  should  be  done  as  rapidly  as  possible; 
this  is  imperative  if  the  analysis  of  the  sample  is  to  represent  the 
approximate  condition  of  the  coal  with  respect  to  its  moisture  content 
at  the  time  it  was  weighed.  Obviously,  a  sample  on  which  a  moisture 
determination  is  desired  should  be  protected  from  rain  and  snow  and 
strong  air  currents  or  winds  and  the  sun's  rays  during  its  storage  and 
preparation. 

The  proper  preparation  of  a  gross  sample  for  shipment  to  the 
laboratory  involves  three  operations:  (1)  Crushing,  (2)  mixing,  and 
(3)  reduction  in  quantity.  The  operations  proceed  in  stages  until 
the  final  sample  is  obtained. 

The  crushing  may  be  done  by  a  mechanical  crusher  or  by  hand 
with  an  iron  tamping  bar  or  sledge  on  a  smooth,  clean,  sheet-iron 
plate,  of  suitable  dimensions,  or  on  a  soUd  floor — in  the  absence  of  a 
sheet-iron  plate  or  smooth  tight  floor,  the  crushing  may  be  done  on  a 
heavy  canvas — to  prevent  the  accidental  admixture  of  any  foreign 
matter.  The  mixing  and  reduction  may  be  done  by  hand  with  a 
shovel,  or,  mechanically,  by  means  of  riflBes  or  sampling  machines. 

It  is  obvious  that  if  the  gross  sample  is  reduced  in  quantity  without 
crushing,  as  the  sample  becomes  smaller,  the  effect  of  the  selection  or 
rejection  of  one  or  more  of  the  large  pieces  of  slate,  or  other  impurities, 
in  the  portion  of  the  sample  retained  multiplies  rapidly.  To  illus- 
trate: A  sample  of  1,000  pounds  contains  a  piece  of  slate  weighing 
1  pound,  which  is  one-tenth  per  cent  of  the  weight  of  the  gross  sample. 
If  the  sample  is  halved  in  quantity  without  crushing,  the  half  of  the 
sample  retained  for  further  reduction  will  contain  two-tenths  per  cent 
ash  more  or  less  than  the  rejected  half,  according  to  whether  the  piece  of 
slate  went  into  the  retained  half  or  into  the  rejected  half.  In  halving 
the  500-pound  sample,  the  1-pound  piece  of  slate  would  have  an  effect 
of  four-tenths  per  cent  on  the  ash  content  of  either  the  retained  or 
rejected  half.  If,  in  continuing  the  reduction  of  the  sample  by 
halving  each  time,  the  1-pound  piece  of  slate  by  chance  should  fall 
into  the  retained  half  on  each  successive  halving,  it  would  have  an 
effect  of  12.8  per  cent  on  a  7||-pound  sample — that  is,  in  halving  the 
15}-po\md  sample,  the  1-pound  piece  of  slate  would  cause  the  ash 
content  of  one-half  of  the  sample  to  be  12.8  per  cent  higher  than  the 
other;  in  other  words,  if  the  average  ash  of  the  coal  is  10  per  cent,  one 
of  the  7ff-pound  samples  would  show  an  ash  content  of  22.8  per  cent. 
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This  fundamental  principle  that  the  weight  of  the  largest  piece  of 
impurities  should  be  relatively  very  small  in  ratio  to  the  weight  of  the 
sample  at  each  halving,  is  recognized  in  the  instructions  for  sampling 
issued  by  the  Bureau  of  Mines  which  specify  that  the  sample  should 
be  successively  crushed,  mixed,  and  reduced. 

In  the  sampling  of  ores,  it  is  recognized  that  the  particles  of  ore 
must  be  crushed  to  varying  degrees  of  fineness  in  order  to  obtain 
results  within  an  allowable  limit  of  error,  and  to  accomplish  this, 
elaborate  and  costly  plants  are  constructed  and  maintained.  Brun- 
ton  *  states  that  experiments  and  calculations  and  a  general  con- 
sideration of  the  subject  indicate  that  the  size  to  which  ore  must 
be  crushed  for  sampling,  in  order  to  come  within  an  allowable  limit 
of  error,  will  depend  upon: 

1.  The  weight  or  bulk  which  the  sample  is  to  have.  Evidently  the  smaller  the 
sample  the  finer  the  material  must  be  crushed. 

2.  The  relative  proportion  between  the  value  of  the  richest  mineral  and  the  average 
value  of  the  ore.  If  the  average  grade  of  the  ore  is  high,  in  comparison  with  the  grade 
of  the  richest  mineral,  a  particle  of  richest  mineral  of  a  given  size  and  value  will  have 
less  percentage  effect  on  the  sample  than  the  same  particle  would  have  on  the  same 
amount  of  lower-grade  ore;  therefore,  other  conditions  being  the  same,  with  high- 
grade  ores  we  may  crush  more  coarsely  than  with  low-grade  ones,  and  still  keep  within 
the  same  percentage  of  error;  while  if  the  richest  mineral  is  of  comparatively  high 
grade,  a  particle  of  it,  of  given  size,  will  have  a  greater  effect  on  the  sample  than 
if  it  is  of  low  grade,  and  this  will  necessitate  finer  crushing. 

3.  The  specific  gravity  of  the  richest  mineral.  The  higher  the  specific  gravity 
of  the  richest  mineral  the  greater  the  value  contained  in  a  particle  of  given  size  and 
grade,  and  hence  the  greater  the  influence  of  such  particle  on  the  sample;  from  which 
follows  the  necessity  of  keeping  down  the  size  of  the  largest  particles  by  finer  crushing 
than  is  required  when  the  richest  mineral  is  of  lower  specific  gravity. 

4.  The  number  of  particles  of  richest  mineral  which  are  likely  to  be  in  excess  or 
deficit  in  the  sample  is  evidently  an  important  factor;  a  liability  to  a  laige  number 
necessitating  especially  fine  crushing.  But  such  liability  can  result  only  from  imper^ 
feet  mixing,  and  for  material  mixed  with  average  thoroughness  this  number  must  be 
small. 

And  in  conclusion,  this  paper  further  states  that: 

The  results  of  the  investigations  recorded  in  this  paper  show  how  absolutely  neces- 
sary it  is  that  ore  samples  should  be  recrushed  after  each  successive  *  *  cutting-down, '  *  so 
that  as  the  sample  diminishes  in  weight,  there  may  be  a  nearly  constant  ratio  between 
IShe  weight  of  the  sample  and  that  of  the  largest  particle  of  ore  contained  therein. 

In  applying  these  principles  to  coal,  slate  and  other  impurities  are 
to  be  considered  as  taking  the  place  of  the  '* richest  mineral,*'  but 
as  coal  is  a  low-priced  commodity,  the  cost  of  collecting  and  pre- 
paring samples  must  necessarily  be  correspondingly  small,  making 
the  installation  and  operation  of  elaborate  sampling  plants  prohibitive. 

Though  the  fineness  to  which  the  Bureau  of  Alines  specifies  that 
samples  be  crushed  may  not  be  strictly  in  accordance  with  the 

a  Brunton,  D.  W.,  The  theory  and  practice  of  ore-sampling.  Trans.  Am.  Inst.  Min.  Engra.,  ia95,  vol.  25. 
Ik.  837. 
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fineness  that  would  be  necessary  for  theoretically  accurate  reduction 
of  the  samples,  and  since,  in  f  act,  a  coal  of  a  definite  physical  character 
and  composition  would  require  special  treatment,  the  fineness 
specified  in  the  table  below,  it  is  beUeved,  will  give  results  that  are 
fairly  representative. 

When  prepared  by  hand,  the  pieces  of  coal  and  impurities  should 
be  crushed  to  the  following  approximate  sizes  before  each  reduction: 

Weights  of  samples  and  correspoTuKng  sizes  required. 


S 

o 

I 

li 

o 

PS 


Weight  of  sample  to  be 
divided: 

Bise  to  which 
coal  and  Im- 
purities should 
be  broken  be- 
fore each 
division. 

1,000  pounds  or  more 

/ndb. 

1 

1 

360  pounds 

125  pounds , 

W  IMHmds 

Diagram  showing  the  treatment  of  a  1000'p<mnd  sample. 

l,OOQ-poimd  grosB  Bainple,  cniah  to  1-inch  mesh;  mix  by  coning  and 
'  *^         *       "      )tnod. 


longupiie  method;  halve  by  alternate  shovel  met 


KQQ      500  pounds,  ertish  to  f-inch  mesh;  mix  by  coning  and  long-pile 
T  method;  halve  by  alternate  shovel  mettiod. 


125  , 


2gQ      250  pounds,  crush  to  ^inch  mesh;  mix  by  coning  and  long-pile 
T         method;  halve  by  alternate  shovel  method . 


125  pounds,  crush  to  f-jnch  mesh;  mix  by  rolling  on  blanket;  halve 


>y  quartering  method. 


^21      62}  pounds,  crush  to  i-inch  mesh;  mix  and  halve  by  riffles  (or 
^  3  r  sampling  machines)  or  by  blanket  and  quartering  method. 


Qi  1      31i  pounds;  mix  and  halve  by  riffles  (or  sampling  machines)  or  by 
^  *'  blanket  and  quarterinff  method. 


.^^      15  j  pounds;  mix  and  halve  by  riffles  (or  sampling  machines)  or  by 
^^ ' '  Dlanket  and  quartering  method. 


7«„ 


7H  pounds;  mix  and  halve  by  riffles  (or  sampling  machines)  or  by 
blanket  and  quartering  method. 


3{}  pounds. 

Fill  S-pound  can  and  mail  to  laboratory. 


3}f  pounds. 

Fill  3-pound  can  for 
reserve  sample. 


77550''— la^ 
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Care  should  be  exercised  to  crush  finely  pieces  of  foreign  matter 
before  each  reduction  so  that  the  crushed  impurities  can  be  distributed 
through  the  sample^  and  when  crushing  to  keep  pieces  of  slate  and 
other  impurities  from  flying  out  of  the  sample.  In  crushing  the 
coal  on  wood,  brick,  cement,  or  floors  of  such  materials  splinters 
or  small  fragments  may  be  broken  from  the  floor  and  be  mixed 
with  the  sample.  Such  floors,  if  used,  should  be  thoroughly  clean, 
and  free  from  cracks.  If  a  sheet-iron  plate  is  used,  it  should  be  free 
from  rust. 

After  each  crushing  the  sample  should  be  thoroughly  mixed  before 
reduction  in  quantity.  The  method  which  gives  generally  satisfac- 
tory results  is  as  follows: 

The  crushed  coal  is  formed  into  a  conical  pile  by  depositing  each 
shovelful  of  coal  on  top  of  the  preceding  one  (PL  I,  A),     (PL  I,  A, 
shows  approximately  1,100  pounds  of  coal  crushed  to  1-inch  mesh 
and  finer,  properly  coned.)     As  the  shovelfuls  are  deposited  the  fine 
material  forms  the  apex  of  the  cone,  while  the  coarse  particles  roll 
down  toward  the  base.    By  walking  around  the  cone  and  system- 
atically depositing  shovelfuls  on  the  apex  of  the  cone  from  every , 
side,  care  being  taken  to  maintain  the  original  form,  the  sampler  will . 
properly  distribute  the  fine  and  coarse  coal.    A  new,  long,  pile  is  then  1 
formed  by  taking  a  shovelful  at  a  time  (as  the  sampler  fills  the  shovel 
he  should  walk  around  tho  cone,  thus  systematically  removing  the 
coal  from  the  base  of  the  cone)  and  spreading  it  out  in  a  straight ' 
line  or  ribbon  the  width  of  the  shovel;  the  length  is  8  to  10  feet  for  a  * 
shovel  holding  about  15  pounds.    Each  new  shovelful  is  spread  over . 
the  top  of  the  preceding  one,  beginning  at  opposite  ends,  and  so  on 
until  all  the  coal  has  been  formed  into  one  long  pile.     (PL  I,  B, ' 
shows  the  coal  of  the  cone  formed  into  a  long  pile.)     The  sample  is 
then  halved  in  quantity  by  shoveling  the  long  pile  to  one  side,' 
alternate  shovelfuls  being  discarded  while  the  retained  shovelfuls 
are  formed  into  a  new  cone.    In  shoveling  the  coal  from  the  long  pile 
the  sampler  takes  the  shovelfuls  of  coal  systematically  around  the 
pile,  advancing  around  at  each  shovelful  a  distance  about  equal  to 
the  width  of  the  shovel,  thereby  preserving  the  symmetry  in  the 
form  of  the  pile.    If  the  pile  should  be  reduced  by'  shoveling  all  of 
the  coal  from  either  end,  and  if  the  alternate  shovelfuls  discarded 
contained  coal  mainly  from  the  sides  of  the  pile,  the  rejected  half 
of  the  sample  would  contain  a  preponderance  of  coarse  coal,  while 
the  retained  half  would  contain  relatively  too  much  fine  coal.    This 
is  because  the  coarse  coal  rolls  down  the  sides  of  a  pile  or  cone  while 
the  fine  coal  builds  up,  so  that  the  relative  proportions  of  coarse 
and  fine  coal  in  outer  and  inner  portions  of  the  pile  are  quite  different. 
The  alternate  shovelfuls  of  coal  which  are  retained  are  formed  into 
a  new  cone. 
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In  coning,  care  should  be  observed  to  deposit  each  shovelful  so  that 
the  center  of  the  cone  as  started  will  not  be  draivn  to  one  side,  for  m 
qaartering  a  cone  the  center  of  which  has  been  drawn,  two  opposite 
quartoTB  will  contain  an  excess  ratio  of  fine  material,  while  the  other 
two  quarters  will  contain  a  deficiency.  This  will  be  apparent  when 
it  IS  considered  that  when  a  cone  is  formed,  the  fines  build  up  the 
apex  while  the  coarse  particles  roll  down  the  sides.  In  ore  sampling 
this  may  be  of  especial  importance,  since  the  fines  are  generally  the 
richest  ore,  and  as  a  result  the  metaUic  content  of  the  final  sample 
will  be  more  or  less  than  the  average  of  the  original  pile,  depending 
upon  which  two  quarters  are  retained.  D.  W.  Brunton,  in  a  paper 
entitled  '' Modem  Practice  of  Ore-Sampling/'^  shows  by  illustrations 
and  an  example  the  effect  of  ''drawing  the  center."  He  takes  as  an 
example  the  reduction  of  a  2,000-pound  lot  of  ore  to  62^  pounds 
(requiring  quartering  five  times),  and  supposing  that  at  each  stage 
the  sample  taken  represented  98  per  cent  of  the  actual  value  of  the  , 
cone,  he  shows  that  the  final  sample  would  only  give  90.3  per  cent  of 
the  true  value  of  the  cone. 

The  above  "coning,"  '4ong  pile,"  and  "alternate  shovel"  method 
of  mixing  and  reducing  the  sample  is  followed  until  the  sample  is 
reduced  to  from  125  to  250  pounds.  Samples  smaller  than  125  to 
250  pounds  are  mixed  on  a  canvas  about  6  by  8  feet  in  dimension  by 
raising  first  one  end  of  the  canvas  and  then  the  other,  thereby  rolling 
the  sample  back  and  forth.  After  being  thoroughly  mixed  in  this 
manner,  the  sample  is  formed  into  a  conical  pile  by  gathering  the 
four  comers  of  the  blankets.  The  cone  is  then  flattened,  its  apex 
bemg  pressed  down  with  the  shovel  or  a  board,  so  that  each  quarter 
contains  the  material  originally  in  it.  The  flattened  mass  which 
should  be  of  uniform  thickness  and  diameter  is  then  marked  off  into 
quarters  with  a  board  held  edgewise,  or  a  piece  of  sheet  iron,  along 
two  lines  that  intersect  at  right  angles  directly  under  the  apex  of  the 
original  cone.  The  dii^onally  opposite  quarters  are  shoveled  away 
and  discarded,  and  the  spaces  which  they  occupied  brushed  clean 
(PL  I,  Cy  shows  the  four  quarters  and  the  intersecting  lines;  quarters 
1  and  3  will  be  rejected).  The  coal  remaining  is  successively  mixed, 
coned,  and  quartered  on  the  canvas  until  two  opposite  quarters  are 
equal  to  or  somewhat  less  than  the  quantity  (approximately  3  pounds) 
required  to  fill  the  sample  can  for  shipment  to  the  laboratory.  If 
after  two  opposite  quarters  are  placed  in  the  sampling  can,  it  is 
found  that  the  can  is  not  compactly  filled,  the  other  two  quarters 
should  be  mixed,  coned,  flattened,  and  quartered,  and  the  remaining 
space  in  the  can  then  filled  by  taking  equal  segments  from  opposite 
quarters,  using  the  sampling  scoop  (p.  29).  The  two  rejected 
quarters  are  not  thrown  into  the  discard,  but  are  placed  in  a  sampling 

•  Am.  Inst.  MJn.  Bogrs.!  vol.  40,  p.  671,  presentod  at  the  Spokane  meeting,  September,  1909. 
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can,  hermeticaUy  sealed  and  held  in  reserve  at  the  delivery  point 
until  report  of  analysis  of  the  regular  sample  is  received  and  set- 
Uement  made  for  the  coaL 

The  operations  and  methods  foHowed  in  preparing  and  reducing 
fhe  gross  sample  to  a  quantity  convenient  for  transmittal  to  the 
laboratory  are  diagrammatically  shown  on  page  33.  The  treatment 
of  the  3-pound  sample  when  it  is  received  by  the  Bureau  of  Mines  is 
djagrammaticaUy  shown  on  pages  40  and  41. 

Accuracy  in  reducing  the  gross  samples  requires  that  the  coal  be 
crushed  as  directed^  thoroughly  and  systematically  nuxed,  formed  in 
piles,  and  accurately  divided,  either  by  the  alternate-shovel  method 
or  by  quartering,  so  that  the  rejected  portions  and  the  retained  por- 
tions will  be  uniform  in  character  and  weight.  Thorough  cleanliness 
must  be  maintained  during  the  entire  operation. 

The  method  of  coning  and  quartering  coal  and  the  principles  which 
must  be  recognized  are  in  essential  features  as  given  by  Richards  ^  for 
reducing  ore  samples. 

Whenever  the  different  increments  of  samples  are  collected  through- 
out some  considerable  period  of  tune,  each  increment  may  be  cruslied 
as  soon  as  taken,  and  the  pieces  of  coal  and  impurities  may  be  broken 
sufficiently  small  to  permit  of  two  or  more  reductions  of  ^e  accumu- 
lated samples  before  further  crushing  is  necessary. 

If  deliveries  extend  over  a  considerable  period,  what  would  other- 
wise be  a  gross  sample  may  be  worked  down,  as  it  accumulates,  in 
successive  stages  to  quantities  of  a  size  suitable  for  transmittal  to 
the  laboratory,  and  the  samples  representing  the  several  equal  parts 
may  be  analyzed  and  the  several  analyses  averaged,  or  they  may 
later  be  mixed  (at  the  delivery  point  or  in  the  laboratory  and  reduced 
to  one  sample)  and  one  analysis  made. 

If  the  contract  amounts  to  a  considerable  quantity,  necessitating 
several  samples  in  relatively  short  periods,  the  installation  of  a 
crusher  has  been  found  in  some  cases  expedient  and  economical  for 
reducing  the  gross  samples  to  one-quarter-inch  mesh,  or  finer,  and  in 
such  case,  instead  of  the  mixing  and  reducing  being  done  by  hand, 
the  reducing  buckets  or  mixing  and  reducing  machine  shown  in 
Plate  n  are  used.  Even  though  the  contracts  are  relatively  small 
and  the  samples  are  crushed  by  hand,  the  use  of  the  reducing  bucket 
or  machine  is  recommended.  These  devices  are  generally  used  after 
the  gross  sample  has  been  mixed  and  has  been  reduced  by  the  ''alter- 
nate-shovel^'  or  quartering  method  to  about  60  pounds. 

After  the  gross  sample  has  been  reduced  to  about  200  pounds,  a 
shovel  takes  too  large  a  proportion  of  the  coal,  making  further  reduc- 
tion by  alternate  shovelfuls  unreliable.  The  blanket  and  quarter- 
ing methods  are  introduced  after  the  sample  has  been  reduced  by 

•  BiolMirda,  R.  H.,  On  drMBtDg,  vol.  2,  p.  844,  and  vol.  8,  pp.  1674-1878. 
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alternate  shovels  to  125  to  250  pounds,  as  the  capacity  of  the  ordi- 
nary shovel  is  out  of  proportion  to  the  size  of  the  sample.  It  may 
prove  desirable  in  sampling  coals  containing  considerable  quanti- 
ties of  free  impurities  of  uneven  size  to  use  small  shovels  of  10 
pounds  and  less  capacity  in  reducing  the  gross  sample  by  alternate 
shovels,  for  as  the  size  of  the  shovel  is  diminished  the  number  of 
fractional  parts  into  which  the  sample  is  divided  is  increased.  As 
the  sample  becomes  smaller,  greater  precision  in  quartering  is  re- 
quired, and,  consequently,  refinements  in  the  manner  of  mixing  and 
reducing  should  be  introduced.  The  use  of  buckets  or  the  machine 
makes  thorough  mixing  possible  and  the  riffles  insure  accurate 
division. 

A  mechanical  crusher  and  mechanical  means  for  preparing  the 
samples  for  transmittal  to  the  laboratory  may  be  installed  and  the 
collection  and  preparation  of  the  sample  can  then  be  made  a  con- 
tinuous and  piu'ely  mechanical  process.  When  mechanical  crushers 
are  used  the  samples  should  be  inspected  before  or  while  being  fed 
to  the  crusher  to  make  certain  that  the  sample  does  not  by  chance 
contain  a  piece  of  iron,  such  as  a  tie  spike,  accidentally  loaded  with 
the  coal  in  the  mine  and  undetected  in  collecting  the  sample,  or 
some  other  highly  abrasive  substance,  otherwise  the  abrasion  of  the 
iron  may  introduce  errors  which  would  alter  appreciably  the  final 
results. 

SAMPLING  BUCKETS. 

When  the  sampling  buckets  are  used,  two  similar  ones  are  required. 
About  half  of  the  top  of  each  bucket  is  covered  with  a  riffle.  The 
coal  is  placed  in  one  of  the  buckets,  and  the  projections  aa'  (PI.  II, 
A)  of  the  stiffening  rod  of  this  bucket  are  placed  in  the  notches  hV 
of  the  second  bucket.  When  the  coal  is  poiu^  from  the  first  bucket 
it  flows  to  the  riffle  of  the  second  bucket  and  every  alternate  section 
cut  out  by  the  riffle  is  discarded  and  the  other  sections  are  caught  in 
the  second  bucket,  thus  halving  the  sample.  The  sample  is  poiured 
from  one  bucket  to  the  other  imtil  it  is  reduced  to  about  3  poimds, 
but  the  discarded  3-pound  half  is  placed  in  a  can  and  held  as  the 
reserve  sample. 

THE  MIXING  AND  REDUOINO  MACHINE. 

If  more  thorough  mixing  than  can  be  done  with  the  buckets  is 
dedred,  the  mixing  and  reducing  machine  is  used.  Plate  II,  B,  shows 
the  apron  of  the  cylinder  of  this  machine  open  for  receiving  a  sample. 
After  the  sample  is  poured  in,  the  apron's  position  is  shifted,  a  being 
moved  to  a\  The  cylinder  is  then  closed  and  revolved  counter- 
clockwise. The  closed  sides  of  the  riffles  plow  through  and  thor- 
oughly mix  the  coal,  and  no  coal  can  be  discharged  through  the  riffle 
while  the  cylinder  is  revolved  in  this  direction  if  the  level  of  the  coal 
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is  below  the  axis  of  the  cylinder.  After  the  sample  has  been  mixed ,  the 
cylinder  is  rotated  one  turn  clockwise;  the  coal  in  the  cylinder  is  then 
cut  by  the  planes  of  the  riffle  and  half  of  it  is  discharged  into  the  receiv- 
ing tray.  The  coal  remaining  is  again  mixed  by  revolving  the  cylinder 
counterclockwise.  By  alternately  changing  the  direction  of  rota* 
tion^  the  coal  is  alternately  mixed  and  halved  imtil  about  6  pounds 
remain  in  the  cylinder.  The  tray  is  then  emptied  of  the  discarded 
coal  and  the  6-pound  sample  mixed  and  halved,  and  the  3-pound 
sample  cau^  in  the  tray  is  put  in  a  can  and  becomes  the  official 
sample,  while  the  3-poimd  sample  remaining  in  the  cylinder  is  put  in 
a  can  and  held  as  the  reserve  sample.  The  interior  of  the  machine 
is  easy  of  access  and  should  be  brushed  clean  after  each  sample. 

Oenerally  speaking,  the  use  of  mechanical  means  for  sampling  coal 
and  preparing  samples  gives  more  reliable  and  satisfactory  results 
than  hand  labor,  as  the  personal  equation  is  partly  eliminated. 

COLLBCnON  OF  SAMPLES  IN  THB  DISTRICT  OF  OOLUXBIA. 

Gross  samples  are  collected  from  deliveries  under  Government 
contracts  in  the  District  of  Columbia  in  accordance  with  the  method 
given  in  the  specifications  and  as  set  forth  in  this  paper.  Instead  of 
the  gross  sample  being  reduced  to  3  pounds,  as  is  necessary  in  the 
case  of  deliveries  elsewhere,  the  sample  after  it  is  reduced  to  125  to 
250  pounds,  is  placed  in  galvanized-iron  buckets,  each  large  enough 
to  hold  about  70  pounds  of  coal  and  having  a  close-fitting  lid  that  can 
be  locked.  The  locked  buckets  of  coal  are  immediately  delivered  to 
the  crushing  room  in  the  Bureau  of  Mines  building,  where  the  prep- 
aration of  the  sample  for  the  laboratory  is  continued. 

THE  CRUSHING  BOOM. 

For  preparing  the  samples  collected  in  Washington,  after  they  have 
been  reduced  at  the  delivery  point  to  125  to  250  pounds,  specially 
designed  machinery  is  installed  in  the  crushing  room  of  the  Bureau 
of  Mines  plant.  The  samples  are  put  through  a  motor-driven  ham- 
mer crusher  which  crushes  the  coal  to  pass  a  one-quarter  inch  mesh. 

Plate  III  is  a  view  of  the  coal-crushing  machinery  through  which 
the  samples  are  passed.  The  crusher  (not  shown  in  the  plate,  being 
hidden  by  the  extensions  of  the  platform)  rests  on  metal  framework, 
its  base  being  nearly  on  a  level  with  the  platform,  which  is  14  feet  4 
inches  from  the  floor  of  the  crushing  room.  The  buckets  of  coal  are 
raised  to  the  platform  by  means  of  a  hydraulic  elevator  (not  shown 
in  the  view).  The  samples  are  fed  from  the  buckets  to  the  crusher 
through  the  hopper. 

«    After  the  entire  sample  has  been  crushed  and  caught  in  the  bin  or 
pocket  (a,  PL  III)  immediately  below  the  crusher,  it  is  passed  into 
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the  revolving  cylinder  or  mixer  (6,  PI.  III).  This  cylinder  can  be 
locked  in  position,  with  the  discharge  opening  of  the  pocket  registering 
with  the  opening  iq  the  mixer.  When  the  sample  is  discharged  from 
the  pocket,  the  openings  of  the  pocket  and  the  cylinder  are  closed 
by  suitable  gates.  By  releasing  the  locking  device  and  throwing  in 
a  clutch  the  cylinder  is  caused  to  revolve.  The  crusher  and  pocket 
are  then  free  to  receive  another  sample. 

After  the  sample  is  thoroughly  mixed,  the  mixer  is  stopped,  its 
opening  registered  with  the  opening  of  the  chute  directly  below  the 
mixer,  and  the  mixer  locked  in  this  position.  The  gate  of  the  cylinder 
is  then  opened,  and  the  coal  is  discharged  into  the  separating  chute 

(c,Pl.  in). 

Immediately  below  the  opening  at  the  top  of  the  separating  chute 
the  coal  passes  over  a  riffle,  which  consists  of  a  series  of  vertical 
parallel  planes,  equally  spaced  and  so  constructed  that  the  coal  when 
being  passed  over  them  is  cut  into  sections.  Every  alternate  section 
is  deflected  to  the  discharge,  the  other  sections  pass  through  and  are 
retained.  One-half  of  the  coal  is  thus  deflected  into  a  receiving  bin 
and  eliminated  from  the  sample.  The  other  half  falls  vertically 
through  the  chute  to  a  second  riffle,  where  it  is  again  halved,  one  half 
being  carried  to  a  second  receiving  bin,  and  the  other  half  passing 
down  to  a  third  riffle.  There  are  in  all  four  rifl^es  iq  the  chute,  and 
the  quantity  finally  received  in  the  receptacle  directly  below  the  chute 
is  one-sixteenth  of  the  quantity  of  the  original  sample  that  was 
received  into  the  chute.  By  means  of  doors  iq  the  chute  each  riffle 
can  be  inspected  and  cleaned. 

Four  of  the  five  bins  for  receiving  discharged  coal  from  the  separat- 
iog  chute  can  be  seen  in  Plate  III  (1,  2,  3,  and  5).  Four  of  these 
bins  receive  discarded  coal,  the  largest  bin  receiving  the  discarded 
half  from  the  first  riffle,  the  next  largest  the  discarded  half  from  the 
second  riffle,  and  so  on,  the  final  sample  being  received  in  the  fifth  bin 
(PL  m,  5)  directly  below  the  chute. 

Except  for  the  platform,  the  crusher  mechanism  is  constructed 
wholly  of  metal.  The  bins,  chute,  and  other  parts  through  which 
the  coal  is  passed  are  made  as  dust  proof  as  possible,  iron  cement 
being  used  to  close  leaks.  However,  more  or  less  free  dust  arises 
from  the  crusher.  This  dust  is  carried  away  by  means  of  a  ventilating 
sirstem.  An  exhaust  fan  driven  by  a  direct-connected  motor  is 
located  in  the  penthouse  on  the  roof  of  the  building.  Galvanized- 
iron  ducts  lead  from  the  fan  to  the  laboratory,  crushing  room,  and 
sampling  room.  In  the  crushing  and  sampling  rooms,  running  off 
from  the  main  ventilating  duct  (d,  PL  III ),  are  branches  connecting 
with  each  bin,  some  with  hoods  being  placed  over  dust-producing 
machines.    On  each  one  of  these  branch  ducts,  as  well  as  on  the  main 
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ventOating  pipe,  dampers  are  placed,  by  which  the  draft  is  regulated. 
The  system  works  very  satisfactorily  and  keeps  the  crushing  and  sam- 
pling rooms  free  from  dust. 

If  the  quantity  of  coal  finally  delivered  from  the  chute  is  larger 
than  is  desired,  it  is  further  reduced  by  using  two  sampling  buckets 
(PI.  II,  A)  or  the  reducing  machine  (PI.  II,  B).  The  mixing  machine 
is  more  generally  used,  because  the  machine  mixes  the  coal  more 
thoroughly  than  the  buckets  and  prevents  the  sample  from  being 
exposed  to  the  air. 

All  samples  are  reduced  to  a  quantity  that  will  nearly  fill  a  3-pound 
galvanized  can.  The  samples  are  then  in  the  same  stage  of  prepara- 
tion as  those  received  from  points  outside  of  Washington,  and  like 
them  are  further  prepared  in  the  sampling  room.^  The  methods  of 
preparation  are  diagrammatically  shown  below: 

Diofframs  showing  treatment  of  (he  S-pound  iomple  in  the  laboratory, 

METHOD  A. 

3-pound  sample  cruahed  by  roll  crusher  to  20-meBh. 


3  pounds,  less  3  ounces. 


3  ounces  immediately  placed  in  rubber- 
stoppered  bottle  for  total  moisture  de- 
termination only. 


Successively  passed  through  riffles  and 
reduced  to  not  more  than  3  ounces. 
Rejected  coal  returned  to  the  can  and 
held  as  reserve. 


, ,  3  oimces. 


8  ounces  ground  by  planetary-disk  crusher  to  60  mesh  and  placed  in  a  rubber-stop* 

pered  bottle.    (This  is  the  laboratory  sample  proper.) 


1  gram  (about 
'f^  ounce). 


,,  Igram. 


, ,  1  gram. 


,,  1  gram. 


For  moisture  in 
laboratory  sam- 
ple. 


For  volatile-mat- 
ter determina- 
tion. 


Sulphur  determi- 
nation    by 
Eschka    meth- 
od. 


For  heatin^r-value 
determiiiation  in 
a  bomb  calorime- 
ter. 


Ash  in  this  1-gram 
sample  deter- 
mined after  the 
moisture  is  de- 
termined. 


Suli>hur  is  deter- 
mined on  the 
waflhings  and 
residue  from  the 
calorimeter  after 
combustion. 


•  Tbe  method  of  praparation  of  the  samples  In  the  sampling  room,  with  a  deaorlptlon  of  the  laboratory 
methods  and  equipment,  is  giren  on  p.  74  to  01,  Bureau  of  Mines  Bulletin  41. 
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The  gross  sample  is  accumulated  in  buckets,  each  holding  approxi- 
mately 70  pouncb  of  coal,  and  the  filled  buckets  are  stored  on  the  plat- 
form. Each  bucket  of  coal  making,  up  the  gross  sample  is  succes- 
sively passed  through  the  motor-driven  crusher  which  reduces  the 
coal  to  ^-inch  mesh  and  finer  (practically  all  of  the  coal  will  pass 
through  i-inch  mesh),  and  the  coal  is  halved  by  a  riffle,  one-half  being 


deflected  to  a  bin  for  discarded  coal  and  the  other  half  into  a  bucket. 
As  the  buckets  are  emptied  into  the  crusher,  they  are  available  for 
catching  the  retained  half  from  the  riffle.  Buckets  containing  the 
one-half  of  the  gross  sample  are  easily  swung  to  the  platform  and  the 
sample  again  halved  in  quantity  by  dumping  the  coal  through  the 
trapdoor  (shown  in  fig.  3)  and  repassing  it  over  the  riffles.  Ele- 
vating the  sample  to  the  platform  and  halving  the  sample  are  repeated 


3AMPUNG  COAL  DELIVEBIES.  43 

until  the  sample  is  reduced  to  the  quantity  convenient  for  transmittal 
to  the  laboratoiy. 

Only  the  relation  of  one  bin  wall  to  the  riffle  is  shown  in  the  drawing; 
the  shape  of  the  bin  can  be  varied  to  suit  the  arrangements  in  the  build- 
ing. If  the  building  in  which  the  installation  is  housed  is  so  situated 
that  a  chute  for  the  discarded  coal  can  lead  directly  into  a  wagon  body, 
car,  or  the  boiler  room,  the  disposal  of  this  coal  will  be  simplified. 

For  the  inspection  of  the  riffle  and  the  removal  of  matter  clogging 
the  riffle  a  small  door  is  provided  in  the  main  hopper.  After  each 
crushing  the  hopper  and  riffle  should  be  brushed  clean. 

This  particular  form  of  equipment  is  developed  with  a  view  to 
simpUcity  and  cheapness.  By  placing  a  series  of  riffles  one  below 
the  other,  the  sample  can  be  reduced  to  one-quarter,  one-eighth, 
one-sixteenth,  etc.,  of  its  original  quantity,  depending  upon  the 
number  of  riffles  installed.  As  more  riffles  are  added,  the  cost  is 
increased  and  the  platform  must  be  raised,  requiring  other  means 
than  hand  labor  for  elevating  the  parts  of  the  samples.  The  Bureau 
of  Mines  is  experimenting  with  other  devices  and  types  with  a  view 
to  increasing  the  efficiency  of  the  installation  so  that  it  will  accurately 
select  fractional  parts  of  the  gross  sample  with  a  minimum  of  han- 
dling and  at  a  relatively  low  cost. 

SBALING  AND  HAILING. 

The  final  3-pound  sample  is  immediately  placed  in  the  galvanized- 
iron  can  furnished  by  the  Bureau  of  Mines  and  sealed  aiMight.  The 
coal  should  be  firmly  packed  in  the  can,  so  as  to  occupy  as  much  of 
the  space  as  possible,  since  in  this  way  the  air  is  more  nearly  excluded. 
This  packing  is  best  accomplished  by  having  the  coal  finely  crushed 
in  the  manner  described  in  the  preceding  pages  and  by  shaking  or 
jarring  the  can  repeatedly  and  vigorously  while  filling  it. 

The  can  is  11  inches  in  length  and  3^  inches  in  diameter  (inside 
dimensions),  with  a  screw  cap  2  inches  in  diameter.  Its  edges  are 
crimped  and  carefully  soldered  so  as  to  make  it  air-tight  and  strong. 
The  screw  cap  has  a  gasket  or  washer  of  rubber  or  other  flexible 
material  to  exclude  the  air.  As  a  further  protection  and  to  insure 
tightness  the  cap  when  in  place  and  screwed  down  is  wrapped  care- 
fully with  several  layers  of  adhesive  tape,  the  first  layer  of  which 
completely  covers  the  joint  between  the  lower  edge  of  the  cap  and 
the  neck  of  the  can.  In  Plate  IV,  a  shows  the  first  layer  of  the 
tape  being  forced  down  with  thumb  and  forefinger;  b  the  can  properly 
sealed,  and  c  the  can  ready  for  mailing.  It  is  not  advisable  to  use 
solder,  paraffin,  or  sealing  wax  of  any  kind,  because  some  of  the 
material  may  be  mixed  with  the  coal,  either  when  it  is  apphed  or 
when  the  cap  is  removed.  Before  being  filled  each  can  i^ould  be 
carefully  inspected  as  to  tightness  and  freedom  from  rust. 

After  the  can  is  properly  sealed  data  concerning  the  sample  are 
properly  recorded  on  a  blank  form  furnished  by  the  Bureau  of 
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Mines  and  the  form  is  placed  (not  pasted)  around  the  can^  an  addressed 
franked  wrapper  (c,  PL  IV),  is  put  over  it  and  the  can  is  mailed. 
The  wrapper  has  a  gummed  end,  but  to  insure  its  sticking  and  keep- 
ing the  form  from  being  lost  a  rubber  band  is  put  on  or  a  string  is 
tightly  tied  around  the  can,  as  shown  in  the  illustration. 

The  blank  form  is  in  two  sections — an  original  and  a  duplicate. 
The  original  form  accompanies  the  sample,  furnishes  the  bureau 
complete  information  as  to  the  sample,  and  becomes  the  bureau's 
permanent  record.  The  duplicate  is  used  as  a  file  copy  for  the 
office  submitting  the  sample. 

Special  attention  should  be  given  to  filling  out  the  form  and 
promptly  forwarding  the  sample.  Failure  to  fill  out  the  form 
properly  or  to  place  it  around  the  can  may  cause  indefinite  delay  in 
making  the  analysis  of  a  sample  and  in  reporting  the  results. 

A  letter  should  be  written  informing  the  bureau  that  a  sample  or 
samples  (giving  can  numbers)  have  been  forwarded.  As  the  tonnage 
on  many  orders  or  deliveries  during  a  month  may  be  considerable, 
and  as  samples  may  be  submitted  from  time  to  time,  unless  the 
bureau  is  informed  it  has  no  knowledge  whether  all  samples  have 
been  received  to  represent  the  tonnage,  nor  has  it  any  intimation  as 
to  which  is  the  first  or  last  sample,  although  this  information  is 
necessary  to  insure  prompt  reports.  To  furnish  the  necessary 
information,  it  should  be  stated  in  the  letter,  as  follows: 

This  18  the  fint  and  only  sample  which  will  be  submitted  on  order  No.  — ^,  or  of 
the  deliveries  during  the  month  of . 

Or, 

This  sample  is  the (give  number)  one  submitted  on  order  No. ,  or  of  the 

deliveries  during  the  monUi  of ,  and  other  samples  on  this  order  or  month's 

delivery  will  be  submitted. 

Or, 

This  is  the  last  sample  on  order  No. ,  or  of  the  deliveries  during  the  month 

of ,  and  is  to  be  considered  with  samples  submitted  in  cans  numbered . 

If  a  sample  is  submitted  representing  coal  from  a  mine  or  from  a 
source  other  than  that  specified  in  the  contract,  the  letter  transmitting 
the  sample  should  so  state,  in  order  that  the  records  of  the  Bureau  of 
Mines  will  be  complete. 

A  copy  of  the  front  and  reverse  sides  of  the  two  sections  comprising 
the  form  mentioned  above  are  herewith  given. 

Fcnrtfor  reporting  MonpUi. 

[Oriciiial,  front.) 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OP  inNBS. 
Intonxuttion  to  aooompany  each  aample  of  ooal  sabmitted  for  ftnal  jrii 

Coal  delivered  to 

(If  ihip  or  barge,  state  -wfaere  loaded. ) 

Numbei  of  can Number  of  sample 

Name  of  contractor .". 
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Coal,  kind  and  size 

Number  of  tons  or  poonds  delivered  represented  by  this  sample 

Dates  of  delivery 

Xumber  of  contract Number  of  order 

Date  of  mailing  sample Date  received 

For  the  bureau's  information  in  reporting  on  an  order  or  month's  delivery,  state 
iHiether  this  sample  is  the  first,  last,  or  only  sample,  or  whether  it  is  to  be  con- 
with  other  samples  on  this  order  or  month's  delivery 


OrjgiDaL  Signed 

lOrigiDal,  back.) 
BUOQEBTIONS  AS  TO  FILLING  AND  SEALING  CANS. 


The  coal  sample  should  be  firmly  packed  in  the  can,  so  as  to  occupy  as  much  of 
the  space  as  poesible,  since  in  this  way  the  air  is  more  nearly  excluded.  To  insure 
the  ti^tness  of  the  can,  the  cap  when  in  place  and  screwed  down  should  be  wrapped 
ctrefuUy  with  several  layers  of  adhesive  tape,  the  first  layer  of  which  should  com- 
pletely cover  the  joint  between  the  lower  edge  of  the  cap  and  the  neck  of  the  can. 
't  is  not  advisable  to  use  solder,  paraffin,  or  sealing  wax  of  any  kind,  because  some  of 

ae  material  may  be  mixed  with  the  coal  either  when  the  material  is  applied  or  when 
the  cap  ill  removed.  Before  being  filled  each  can  should  be  carefully  inspected  as 
to  ti^tness  and  freedom  from  rust.  The  Bureau  of  Mines  will  furnish  a  month's 
supply  of  cans,  addressed  postal-frank  mailing  wrappers,  and  this  form;  if  additional 
supplies  are  needed  they  can  be  obtained  from  the  bureau  monthly  on  request. 

IFor  InstmotkniB  as  to  um  of  this  form,  see  instmotknis  on  bock  of  attached  (duplicate)  aeotioiL) 

[DupUoata,  front.) 

DEPARTlfENT  OF  THE  INTERIOR. 
BUREAU  OF  MINKS. 

Coal  delivered  to 

(If  8h^  or  barge,  state  where  loaded.) 

Number  of  can Number  of  sample 

Name  of  contractor 

Coal,  kind  and  size 

Number  of  tons  or  pounds  delivered  represented  by  this  sample 

Dates  of  delivery 

Number  of  contract Number  of  order 

Date  of  mailing  sample Date  received 

For  the  bureau's  information  in  reporting  on  an  order  or  month's  delivery,  state 
whether  this  sample  is  the  first,  last,  or  only  sample,  or  whether  it  is  to  be  con- 
sidered with  other  samples  on  this  order  or  month's  delivery 


Duplicate.  Signed 

[Duplicate,  hack.) 

INSTRUCTIONS  AS  TO  THE  USE  OF  THIS  FOBM. 

FiU  out  this  form  for  each  sample  of  coal  forwarded  to  the  Bureau  of  Mines;  the 
office  filling  out  the  form  is  to  retain  the  duplicate  copy.  The  original  must  be  placed 
wound  the  can  (but  not  pasted  to  the  can— it  may  be  held  in  place  by  a  rubber  band), 
under  the  addressed  postal-frank  wrapper,  in  such  a  manner  that  the  sample  and  the 
information  regarding  it  can  not  be  separated  in  mailing.  When  the  sample  reaches 
the  Bureau  of  Minee  the  franked  wrapper  is  torn  off  and  complete  information  relative 
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to  the  sample  is  found  on  the  card.  This  fonn  must  be  properly  filled  out  and  for- 
warded in  order  to  expedite  testing  and  reporting.  A  letter  should  be  written  inform- 
ing the  bureau  that  sample  or  samples  (giving  can  numbers)  have  been  forwarded. 
The  receipt  of  the  sample  will  be  immediately  acknowledged. 

(For  snggestioiis  as  to  fllling  and  sealing  cans,  see  back  of  attached  (origixial)  section.] 

BBPOBTING  ANALYSES 

The  analyses  and  tests  of  samples  are  reported  by  the  laboratory  to 
the  fuel-inspection  section,  where  the  record  of  the  samples  is  kept. 
The  laboratory  receives  the  samples  with  an  identification  nimiber 
only,  which  is  given  the  sample  by  the  fuel-inspection  section  when 
the  sample  is  received  from  the  mail,  and  the  laboratory  reports  the 
analysis  and  test  by  number  only.  If  a  report  is  to  be  based  on  the 
analyses  of  two  or  more  samples,  the  analyses  are  averaged,  each 
analysis  being  given  a  weight  according  to  the  proportion  of  the  total 
tonnage  which  it  represented.  The  results  are  then  reported  in  tripli- 
cate on  the  following  letter  form  to  the  branch  of  the  service  sub- 
mitting the  sample  or  samples,  which  in  turn  furnishes  the  contractor 
one  of  the  copies : 

Form  for  reporting  analysU. 
Serial  No 

DEPARTMENT  OF  THE  INTERIOR. 
BUREAU  OF  MINES. 

Washington,  D,  C, 

Sir:  In  reference  to  the tons  of 

coal  delivered  on  your  contract  No and  your  order 

No to  the ■ 

,191    ,by 

The  analysis  of  the  samples  of  coal  received  by  the  Bureau  of  Mines  was  as  follows: 


As  received. 

Dry  coal. 

Moisture 

Yolfttiile  TPaUer 

Fixed  carbon 

Afih 

Total 

Sulphur 

British  thermal  units 

This  inloniiation  is  for  tlie  me  of  tho  Oovenunent  and  the  dealer  or  operator  fumishJiig  the  ooal.    It  is 
confidential  until  it  is  published  by  the  United  States  Government. 


Remarks: 
Certified: 


Respectfully, 


Engineer  in  charge 

Fud  Inspection, 


Assistant  to  the  Director, 
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COAL  SPECIFICATIONS  AND  PBOPOSAL8. 

There  are  given  in  the  following  pages  coal  specifications  and  pro- 
posals typical  of  those  in  use  by  the  Government  for  the  purchase  of 
coal  under  specifications  based  on  the  heating  value,  the  content  of 
ash  and  of  moisture,  and  other  considerations. 

Two  classifications  of  the  coal  purchased  kre  made,  and  specifica- 
tions accordingly  prepared,  namely,  (a)  coals  for  steam  power  plants, 
which  include  bituminous  (semibituminous,  subbituminous,  lignite) 
and  the  small  sizes  of  anthracite  (pea  and  buckwheat  No.  1),  and  (b) 
the  large  sizes  of  anthracite  (broken,  egg,  chestnut,  and  stove),  which 
are  used  in  small  house-heating  furnaces  and  stoves  for  heating  and 
domestic  purposes.  The  specifications  for  steam  power  plants  can 
be  readily  modified  to  provide  for  the  purchase  of  smaller  sizes  (see 
table,  p.  51)  of  anthracite — that  is,  coal  which  will  pass  through  a 
mesh  one-fourth  inch  square.  If  it  is  desired  to  purchase  any  par- 
ticular coal,  a  specification  can  readily  be  prepared  from  the  two 
types  of  specifications  herein  presented. 

The  purpose  of  the  specifications  is  to  clearly  set  forth  the  char- 
acter and  quality  of  coal  desired,  to  obtain  bicb  which  fully  specify 
the  coal  offered,  the  values  offered  in  the  case  of  bituminous  coal  by 
the  successful  bidder  becoming  a  part  of  the  contract,  to  furnish 
means  whereby  the  Government  may  be  assured  of  receiving  the 
coal  contracted  for,  providing  for  a  definite  procedure  for  determining 
equitable  settlement  for  coals  differing  in  character  and  quality,  and 
to  include  concise  statements  of  the  necessary  legal  phases,  etc., 
all  with  the  view  that  the  specifications  and  proposal  signed  by  the 
successful  bidder  may  become  a  contract  which  will  work  to  the 
advantage  and  justice  of  both  the  Government  and  the  contractor. 

Attention  is  especially  directed  to  instructions  for  sampling  given 
in  the  specifications  and  which  become  a  part  of  the  contract.  Prior 
to  the  fiscal  year  1912-13  the  method  of  sampling  was  given  scant 
mention,  leaving  one  of  the  most  important  features  determining  the 
saccessful  and  satisfactory  application  of  the  specification  method 
of  the  purchase  of  coal  almost  wholly  in  the  hands  of  the  purchaser, 
the  seller  having  little  or  no  means  whereby  he  could  exercise  a  con- 
trol of  the  manner  and  method  of  collecting  and  preparing  samples 
that  should  represent  the  coal  furnished.  It  is  as  essential  that  an 
established  and  an  agreed-upon  method  of  sampling  be  followed,  as 
it  is  that  the  sample  be  analyzed  by  a  reputable  laboratory;  in  fact, 
the  sampling  is  of  first  consequence,  for  if  a  sample  is  haphazardly 
taken  and  carelessly  reduced  to  a  quantity  convenient  for  trans- 
mittal to  the  laboratory,  and  hence  is  nonrepresentative,  it  is  usually 
impossible  or  impracticable  to  get  another  sample;  whereas  if  the 
analysis  and  test  of  a  representative  sample  are  in  error,  the  remain- 
ing part  of  the  sample  can  be  analyzed  and  tested,  and  by  another 
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laboratory  if  desired.  Unwarranted  corrections  in  price  and  resulting 
injustice  and  hardship  to  the  buyer  or  seller  may  easily  and  unin- 
tentionally occur  through  lack  of  perception  of  the  relative  impor- 
tance of  sampling  and  the  observance  of  proper  methods  of  collecting 
and  preparing  samples.  By  clearly  setting  forth  the  method  of 
sampling  as  a  part  of  the  contract,  the  seller  or  the  buyer  has  some- 
thing tangible  on  which  to  base  legitimate  complaints  if  samples  are 
not  properly  collected  and  prepared.  Such  is  the  purpose  of  putting 
in  the  Government  specifications  the  method  of  sampling  in  some 
detail. 

As  the  specifications  given  herein  are  so  general,  applying  generally 
to  all  coals  purchased  by  the  Government  under  every  condition  of 
delivery,  it  is  impossible  to  state  thereui  specific  directions  for  sam- 
pling, but  for  any  particular  conditions  of  delivery  more  definite 
directions  can  be  prepared  and  proper  consideration  for  the  character 
of  the  coal  given.  By  observance,  however,  of  the  general  directions 
for  sampling,  which  are  given  in  the  specifications  that  follow,  samples 
that  are  fairly  representative  of  the  coal  sampled  can  be  obtained 
without  difficulty. 

Though  a  contract  may  be  let  under  the  specification  basis,  the 
sampling  of  small  orders  of,  say,  25  tons  or  less,  may  be  discretionary 
with  the  Government,  a  provision  to  this  effect  appearing  in  the 
contract.  If  samples  are  not  taken  the  bid  price  per  ton  is  paid, 
unless  coal  is  delivered  which  gives  unsatisfactory  results  because  of 
excessive  clinkering,  excessive  ash,  or  any  other  cause  which  would 
make  it  subject  to  rejection,  in  which  case  the  procedure  under  section 
48,  '^ Unsatisfactory  fuel,"  of  the  bituminous  specifications  would  be 
followed.  This  discretionary  right  of  sampling  small  orders  was 
included  in  the  specifications  prepared  in  the  office  of  the  chief  of  the 
Quartermaster  Corps  for  the  purchase  of  coal  for  the  Army  stations  in 
the  United  States  for  the  fiscal  year  1912-13.  Thia  provision  made 
it  unnecessary  to  sample  deliveries  under  one  large  general  contract 
of  from  a  half  to  a  few  tons  delivered  to  small  launches  or  boats,  or  the 
different  quarters  where  facilities  for  sampling  or  storing  accumulated 
samples  were  not  at  hand.  It  is  obvious  that  the  expense  of  collecting 
and  preparing  a  sample  to  represent  such  small  tonnages,  together 
with  the  cost  of  analysis,  would  make  the  unit  cost  per  ton  ordinarily 
prohibitive  and  disadvantageous. 

Under  ''Price  and  Payment"  for  bitmninous  coal,  page  60,  2  per 
cent  variation  from  the  guaranteed  standard  of  British  thermal  units 
(B.  t.  u.)  is  allowed  before  price  corrections.  On  14,000  B.  t.  u., 
''dry  coal,"  this  means  that  there  is  no  price  correction  for  delivered 
coal  of  an  apparent  heating  value  as  reported  by  the  laboratory 
between  13,720  and  14,280.  This  is  allowed  to  provide  (a)  for  the 
reasonable  variations  that,  it  is  recognissed,  may  be  obtained  with  the 
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same  3-pound  sample  in  two  different  determinations  in  the  same 
laboratory,  (6)  for  variations  that  result  in  preparing  and  reducing 
the  gross  sample  to  a  quantity  convenient  for  transmittal  to  the 
laboratory,  (c)  for  variations  due  to  the  collection  of  gross  samples 
as  representing  the  coal  sampled,  and  (d)  for  allowing  the  contractor 
latitude  in  the  preparation  of  the  coal,  since  it  is  recognized  that  the 
quality  of  his  coal  expressed  in  terms  of  ash  and  B.  t.  u.  can  not  be 
controlled  within  strictly  narrow  limits. 

In  interpreting  a  heating  value  determination,  then,  the  value 
reported  by  the  laboratory  must  be  considered  as  the  apparent  value 
of  the  coal  sampled,  as  the  actual  value  of  the  coal  may  have  been 
more  or  less  than  the  apparent  value  because  of  the  variations  above 
cited.  If  the  reported  value  differs  by  more  than  2  per  cent  from  the 
guaranteed  standard,  the  result  is  considered  as  evidence  that  coal  of 
a  quality  other  than  that  contracted  for  was  delivered  and  the  price 
is  corrected  accordingly.  If  a  niunber  of  gross  samples  are  taken  to 
represent  a  total  quantity  of  coal  delivered,  and  a  report  is  obtained 
by  averaging  the  several  analyses  and  tests,  the  apparent  value 
reported  by  the  laboratory  may  be  within  1  per  cent  or  less  of  the 
actual  value  of  the  entire  quantity,  but  in  specifications  as  general  as 
those  herein  given  a  2  per  cent  variation  from  the  standard  is  considered 
more  equitable  and  will  eliminate  frequent  and  unwarranted  price 
corrections,  especially  if  payment  for  a  delivery  or  order  is  based  on 
a  single  determination.  In  the  sampling  of  cargo  shipments  to  the 
Isthmus  of  Panama  (p.  25),  the  reported  results  between  two  separate 
and  independent  series  of  samples  representing  the  same  cargo  agree 
on  an  average  within  less  than  50  B.  t.  u.  The  samples  are  collected 
by  experienced  collectors  and  prepared  very  systematically,  and  the 
reported  results  for  a  cargo  are  determined  by  averaging  a  number  of 
analyses.  With  such  sampUng  the  variations  above  enumerated  are 
largely  averaged  and  eliminated,  and  the  variation  that  maybe  allowed 
before  price  corrections  may,  under  such  conditions,  be  reduced  to  1 
per  cent  or  even  less. 

It  is  not  the  intent  of  the  specifications  continually  to  make  correc- 
tions in  price  for  slight  variations  of  the  actual  heating  value  from  the 
guaranteed  standard,  and  it  is  desired  to  eliminate  corrections  which 
are  unwarranted  because  of  the  difference  between  the  reported 
apparent  heating  value  and  the  actual  heating  value,  the  first  purpose 
of  the  specifications  being  to  insure  the  Government  is  receiving  coal 
similar  within  reasonable  limits  to  the  standard  of  the  contract. 

The  bituminous  specifications  require  the  bidder  to  specify  the 
quality  of  coal  offered  id  terms  of  moisture,  "as  received,"  ash,  sul- 
phur, volatile  matter,  and  B.  t.  u.,  " dry  coal; "  these  values  becoming 
the  standards  of  the  contract  to  determine  rejectable  coal  and  the 
price  to  be  paid  for  deUvered  coal.     Bidders  have  in  some  cases 
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specified  a  higher  B.  t.  u.  value  and  a  lower  ash  content  than  the 
quality  of  the  coal  warranted,  upon  the  theory  that  the  high  B.  t.  u. 
and  low  ash  values  would  give  them  an  advantage  in  the  comparison 
of  bids.  The  bid  price  may  be  correspondingly  higher,  the  bidder 
presumably  expecting  a  deduction  to  be  made  and  to  receive  a  price 
on  his  delivered  coal  lower  than  the  bid  price.  The  apparent  price 
may  be,  therefore,  higher  than  the  actual  price  received,  and  use  may 
be  made  of  the  apparent  price  for  advertising  purposes.  Bidders  are 
cautioned  against  offering  higher  standards  than  can  be  maintained 
on  an  average,  for  to  do  so  may  result  in  the  bid  being  rejected 
(see  sec.  8,  p.  53,  of  the  specifications)  or  may  result  in  excessive 
penalties,  the  purchase  of  the  coal  in  the  open  market,  the  difference 
in  cost  of  coal  so  purchased  being  charged  against  the  contractor,  or 
may  result  in  the  cancellation  of  the  contract  (see  sec.  48,  p.  59). 

By  reference  to  the  specifications  for  anthracite,  broken,  egg, 
stove,  and  chestnut  sizes,  it  will  be  noted  that  bidders  are  not  required 
to  specify  the  quality  of  the  coal  in  terms  of  ash,  B.  t.  u.,  moisture, 
sulphur,  and  volatile  matter,  and  that  regular  and  systematic  sam- 
pling of  all  deliveries  is  not  required  to  determine  the  price  to  be  paid 
for  each  and  every  delivery.  The  specifications  provide,  however, 
for  the  sampling  of  coal  that  proves  unsatisfactory  because  of  exces- 
sive ash  or  clinkering  and  for  price  corrections  if  the  ash  as  shown 
by  analysis  is  in  excess  of  a  permitted  variation  from  the  standard 
for  the  particular  size  of  coal,  these  standards  being  determined  from 
hundreds  of  ash  determinations  made  during  a  period  of  six  years. 
B.  t.  u.  standards  are  not  used,  as  it  has  been  determined  that  the 
heating  value  for  the  different  sizes  is,  in  the  main,  a  function  of  the 
ash  content,  varying  inversely  and  in  proportion  with  the  ash;  that 
is  to  say,  if  the  ash  content  is  increased,  for  example,  1  per  cent,  the 
heating  value  is  decreased  1  per  cent. 

Because  of  economic  considerations  and  the  physical  character  of 
anthracite,  the  specifications  used  for  bituminous  coal  requiring 
sampling  are  not  adapted  for  the  purchase  of  the  large  sizes  of  anthracite. 
Most  of  the  Government  contracts  for  these  sizes  are  for  relatively 
small  yearly  tonnages  with  deliveries  of  i  ton  to  50  tons,  but  seldom 
more  to  a  building.  To  collect  regularly  samples  from  such  small 
deliveriee  would  make  the  unit  cost  per  ton  of  sampling  prohibitive, 
the  cost  being  generally  greater  than  any  probable  saving.  To 
obtain  samples  that  would  fairly  represent  the  quality  of  these  coals 
would  require  collecting  samples  of  1,000  to  1,500  pounds,  or  more, 
and  to  obtain  a  fibaal  sample  for  analysis  that  would  represent  the 
gross  sample  within  reasonable  limits  would  require  crushing  and 
recrushing  the  gross  sample,  thereby  perhaps  destroying  the  value 
of  the  the  gross  sample  for  use  in  a  house-heating  furnace  or  stove, 
and  laiigely  wasting  it,  unless  a  Government  steam-power  plant  were 
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available  in  which  it  could  be  advantageously  burned.  The  total 
or  partial  loss  in  value  of  1,000  or  1,500  pounds  of  coal  at  $5  to 
$10  per  ton  from  a  small  delivery  is  manifestly  a  matter  deserving 
consideration.  Owing  to  the  hardness  and  brittleness  of  anthracite, 
the  crushing  of  a  gross  sample  by  hand  is  difficult  and  tedious  and 
requires  hours  of  labor;  in  fact,  a  mechanical  means  of  crushing  is 
almost  absolutely  necessary,  but  the  cost  of  the  necessary  equipment 
would  prove  prohibitive  in  the  case  of  small  contracts. 

Because  of  the  above  facts,  as  well  as  the  manner  in  which  anthra- 
cite is  prepared  at  the  colliery  and  the  small  area  of  the  Pennsylvania 
aothracite  fields,  and  because  of  other  considerations,  the  Govern- 
ment does  not  consider  the  application  of  the  specifications  which 
are  adapted  for  bituminous  coal  generally  suitable  for  the  purchase 
of  the  large  sizes  of  anthracite.  The  specifications  that  are  used 
provide  for  the  acceptance  and  use  of  coal  and  payment  at  contract 
price  so  long  as  no  difficulty  is  experienced,  and  the  collection  of 
samples  is  necessary  only  as  set  forth  in  the  specifications. 

Anthracite  is  graded  into  sizes  before  shipment,  and  each  grade 
commands  a  certain  price.  The  size  of  the  openings  in  screens  and 
the  types  of  screens  used  in  preparing  the  sizes  may  vary  slightly; 
however,  the  following  table  indicates  the  commercial  sizes  of 
anthracite: 

Sizes  of  anihracUe 
[Prepared  with  screens  of  square  mesh.] 


SiMs. 


Brofcn  (faiDaoe). 

|« 

Stove 

Chestaot 

BacfcwheatNo.V 
Buckwheat  No.  2 
BockiHfteat  No.  3 


Throush 
meshes  hav- 
ing a  dlani' 

etero^ 


Indui, 


Over 

meshes  hav- 

inff  adiam- 

eterof— 


SPECIFICATIONS  AND  PROPOSALS  FOR 
BITUMINOUS  AND  ANTHRACITE  PEA  AND 
BUCKWHEAT  NO.  1«  COAL  FOR  STEAM 
POWER  PLANTS. 


I.  PBOPOSALS. 


1.  Sealed  proposals,  in  duplicate,  to  furnish  the  quantities  of  coal 
specified  in  the  schedule  herewith,  required  for  the  use  of  (the  name 
of  department,  bureau,  or  institution)  for  the  fiscal  year  ending  June 

30,  19. . ,  will  be  received  until  2*o' clock  p.  m., , 

19. . ,  at  the  office  of , 

and  then  opened. 

2.  Each  bidder  shall  have  the  right  to  be  present  either  in  person  or 
by  attorney  when  the  bids  are  opened. 

n.  ADDBESS  OF  PROPOSALS. 

3.  Proposals,  in  duplicate,  must  be  forwarded  to. 


,  postage  prepaid. 
Addressed  envelope  for  mailing  is  inclosed  herewith. 

m.  PBOPOSALS->OX7ABANTY. 

Signature.  4.  Proposals  must  be  made  in  duplicate  on  the  form  furnished  by 

,  and  must  be 

signed  by  the  individual,  partnership,  or  corporation  making  the  same; 
when  made  by  a  partnership,  the  name  of  each  partJier  must  be  signed. 
If  made  by  a  corporation,  proposals  must  be  signed  by  the  officer  there- 
of authorized  to  bind  it  by  contract  and  be  accompanied  by  a  copy, 
imder  seal,  of  his  authority  to  sign. 

Cash  or  certi-     5.  The  proposals  must  be  accompanied  by  cash  or  by  a  certified 

check  drawn  payable  to  the  order  of  the  Secretary  of  the 

,  in  an  amount  equal  to  2  per  cent  of  the  estmiated 

cost  of  the  items  for  which  bids  are  submitted,  the  minimum  amount 
in  any  case  to  be  $10.  This  requirement  is  solely  to  guarantee,  if  an 
award  is  made  on  the  proposal,  that  within  10  days  after  notice  is 
given  that  an  award  has  been  made,  the  bidder  will  enter  into  a  con- 
tract in  accordance  with  the  terms  of  the  proposal  and  execute  a  bond 
for  the  faithful  performance  thereof,  with  good  and  sufficient  sureties 
as  hereinafter  required.  In  the  event  of  the  failure  of  the  bidder  to 
enter  into  contract  or  execute  bond,  the  cash  or  check  guaranty  will 
be  forfeited. 

IV.  CONTBACTOB'S  BOND. 

SaretieB.  6.  Each  contractor  shall  be  required  to  give  a  bond,  with  two  or 

more  individual  sureties  or  one  corporate  surety  duly  qualified  under 
the  act  of  Congress  approved  August  13,  1894,  in  which  they  shall 

•  If  smaller  sixes  of  anthracite  are  required,  the  specificatlona  can  readily  be  modified 
to  Include  thenL 
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covenant  and  agree  that,  in  ca£e  the  said  contractor  shall  fail  to  do  or 
perform  any  or  all  of  the  covenante,  Btipulations,  and  agreementa  of 
said  contract  on  the  part  of  the  said  contractor  to  be  performed  .as 
therein  set  forth,  the  said  contractor  and  his  sureties  shall  forfeit  and 
pay  to  the  United  States  of  America  any  and  all  damages  sustained 
by  the  United  States  by  reason  of  any  failure  of  the  contractor  fully 
and  faithfully  to  keep  and  perform  the  terms  and  conditions  of  his 
contract  to  be  recovered  in  an  action  at  law  in  the  name  of  the  United 
States  in  any  proper  court  of  competent  jurisdiction.  Such  sureties 
(except  corporate  sureties)  shall  justify  their  responsibility  by  affidavit 
showing  that  they  severally  own  and  possess  property  of  the  clear  value 
in  the  aggregate  of  double  the  amount  of  the  above-mentioned  for- 
feiture over  and  above  all  debts  and  liabilities  and  all  property  by  law 
exempt  from  execution;  the  affidavit  shaU  be  sworn  to  before  a  judge 
or  a  clerk  of  a  court  of  record  or  a  United  States  attorney,  who  must 
certify  of  his  own  personal  knowledge  that  the  sureties  are  sufficient 
to  pay  the  full  penalty  of  the  bond. 

7.  If  the  estimated  amount  involved  in  the  contract  does  not  exceed    Hay  be  waived. 
tlie  sum  of  1200,  then  the  bond  may  be  waived  with  the  consent  of  the 
department  involved. 

V.  RESEKVATIONS. 

8.  The  ri^t  will  be  reserved  by  the  Secretary  of to  reject    Rgecticm   and 

any  and  all  bids,  to  waive  technical  defects,  and  to  accept  any 

part  of  any  bid  and  reject  the  other  part,  if,  in  his  judgment,  the  inter- 
ests of  the  Government  shall  so  require;  also  the  right  to  annul  any  con- 
tract, if,  in  his  opinion,  there  shall  be  a  failure  at  any  time  to  perform 
faithfully  any  of  its  stipulations,  or  in  case  of  a  willful  attempt  to  impose 
upon  the  Government  coal  inferior  to  that  required  by  the  contract;  and 
any  action  taken  in  pursuance  of  this  latter  stipulation  shall  not  affect 
or  impair  any  right  or  claim  of  the  United  States  to  damages  for  the 
breach  of  any  of  the  covenants  of  the  contract  by  the  contractor.  Bid- 
ders are  cautioned  against  guaranteeing  higher  standards  of  quality 
than  can  be  maintained  in  delivered  coal  (this  applies  more  especially 
to  bituminous  coal),  ae  the  Government  reserves  the  right  to  reject  any 
and  all  bids  if  the  analyses  and  test  results  which  the  Government  may 
have  on  record  indicate  that  higher  standards  have  been  offered  than 
can  probably  be  maintained. 

9.  The  estimated  quantity  of  coal  to  be  purchased  will  be  based  upon    Estimated 
the  previous  annual  consumption,  but  the  rigjit  will  be  reserved  to  <i"*"^^^y- 
order  a  greater  or  less  quantity,  subject  to  the  actual  requirements  of 

the  service. 

10.  The  right  will  be  reserved  by  the  Government  to  purchase,  for    Terts. 
the  purpose  of  making  boiler  tests,  other  coal  than  that  herein  con- 
tracted for,  provided  the  amount  so  purchased  does  not  exceed  five  per 

cent  (5  per  cent)  of  the  coal  used  at  the  plant  during  the  period  covered 

by  this  agreement. 

11-  If  it  should  appear  to  the  best  interests  of  the  Government  to  do    Lowest  b  i  d  a 

80,  the  right  is  reserved  to  award  the  contract  for  supplying  coal  at  a  sidered. 

price  higher  than  that  named  in  a  lower  bid  or  in  lower  bids,  on  the 

basis  of  the  quality  of  the  coal  offered. 

12.  If  the  bidder  to  whom  the  award  is  made  should  fail  to  enter  into ,  Faflure  to  wm- 

tract 
a  contract  as  herein  provided,  then  the  award  may  be  annulled  and  the 
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contract  let  to  the  next  most  desirable  bidder  without  further  advertise- 
ment, and  such  bidder  shall  be  required  to  fulfill  every  stipulation 
expressed  herein,  as  if  he  were  the  original  party  to  whom  the  contract 
was  awarded. 
fJ^ISSS^^  non-     13.  No  contract  can  be  lawfully  transferred  or  assigned. 
DeftHilt.  '  14.  No  proposal  will  be  considered  from  any  person,  firm,  or  corpora- 

tion in  de&ult  of  the  i>erfonnance  of  any  contract  or  agreement  made 
with  the  United  States,  or  conclusively  ehown  to  have  &iled  to  perform 
satisfactorily  such  contract  or  agreement. 

VI.  DBSCBIPTZOK  OF  COALS  DBSIBSD. 

(a)  bituminous. 


slack 

jump  (give  size). 


,  bitu- 


Coai  d«8ired.        15.  Bids  are  desired  on  coal  as  specified  below: 

{^  1  frun-of-mine 

noncoking 

minous  coal,  free  from  bone,  slate,  dirt,  and  excessive  dust,  and 
adapted  for  successful  use  in  the  particular  furnace  equipment, 
^^^^njert^quality     jg.  Bituminous  coal  that  shows  on  analysis  a  quality  lower  than  that 
indicated  below  will  not  be  considered :  ^ 

Moisture  in  "delivered  coal" per  cent. 

Ash  in  "dry  coal" percent. 

Volatile  matter  in  "dry  coal" per  cent. 

Sulphur  (separately  detennined)  in  "dry  coal" per  cent. 

British  thermal  units  in  "dry  coal"  below 

InltannAtkn  to     17.  Bidders  are  required  to  specify  the  coal  offered  in  terms  of 
JJi^jJJPP**^  ^y  moisture,  "as  received";  ash,  volatile  matter,  sulphur,  and  British 

thermal  units,  "dry  coal";  which  values  become  the  standards  for 
the  coal  of  the  successful  bidder.  In  addition,  the  bidders  are  required 
to  give  the  name  and  location  of  the  mine  producing  the  coal,  the 
name  or  other  designation  of  the  coal  bed,  name  of  operator  of  mine, 
and  the  trade  name  of  the  coal.  This  information  to  be  furnished  in 
spaces  provided  under  sectbn  57  (A). 

(b)  anthraoite  pea  and  buoewheat  no.  I. 

Character.  18.  The  coal  must  be  best  quality  Pennsylvania  white-ash  anthracite. 

Quality.  19.  It  must  be  well  screened,  practically  free  from  dirt,  must  not 

contain  undue  i>ercentages  of  moisture,  slate,  or  bone,  and  must  equal 

in  quality  and  preparation  the  best  white-ash  anthracite  coal  produced. 

The  coal  must  not  contain  more  than  the  following  percentages  of  ash 

on  the  "dry-coal"  basis: 


Pea 

AtK*'drfCoal** 
16  per  cent. 
18  per  cent. 

Buckwheat  No.  1 

iBfoniiation  to    20.  The  bidder  will  be  required  to  specify  the  coal  field,  district,  ana 
biddcr.^'^^     ^  colliery  producing  the  coal,  the  name  and  address  of  the  operator,  and 
the  railroad  upon  which  the  colliery  is  located.    This  information  to 
be  given  in  spaces  provided  under  section  57  (B). 

a  The  peroentacM  and  the  heating  value  to  be  filled  in  by  the  office  inviting  bida. 
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Vn.  AWABB. 

(a)  bitxjminoub. 

21.  Bids  will  be  considered  on  each  item  separately;  and  in  deter-    CoQ^eraUoos. 
mining  the  award  of  the  contract  consideration  will  be  given  to  the 

qtiality  of  the  coal  (expressed  in  terms  of  ash  in  ^^dry  coal/'  of  moisture 
in  coal  ''as  received/'  and  of  British  thermal  units  in  ''dry  coal") 
offered  by  the  respective  bidders,  to  the  operating  results  obtained 
with  the  coals  on  previous  Grovemment  contracts^  as  well  as  to  the 
price  per  ton. 

22.  In  order  to  compare  bids  as  to  the  quality  of  the  coal  offered,  all  ..J!^^'^^  ^'^^^ 
proposals  will  be  adjusted  to  a  common  basis.    The  method  used  will  ^^^ 

be  to  merge  all  four  variables — ash,  moisture,  calorific  value,  and  price 
bid  per  ton — into  one  figure,  the  cost  of  1,000,000  British  thermal 
units,  so  that  one  bid  may  readily  be  compared  with  another.  The 
procedure  under  this  method  will  be  as  follows: 

(a)  All  bids  will  be  adjusted  to  the  same  ash  percentage  by  selecting 
as  the  sl&ndard  the  proposal  that  offers  coal  containing  the  highest  per- 
centage of  ash.  Each  1  per  cent  of  ash  content  below  that  of  this 
standard  will  be  assumed  to  have  a  positive  value  of  2  cents  per  ton, 
and  the  price  will  be  accordingly  decreased  2  cents,  the  amount  of 
premium  that  is  allowed  under  the  contract  for  1  per  cent  less  ash  than 
the  standard  established  in  the  contract.  Fractions  of  a  per  cent  will 
be  given  proportional  values.  The  adjusted  bids  will  be  figured  to 
the  nearest  tenth  of  a  cent. 

(b)  To  reduce  bids  to  a  common  basis  with  respect  to  the  moisture 
in  the  coal  offered,  the  price  quoted,  adjusted  in  accordance  with  the 
above,  will  be  divided  by  the  difference  between  100  per  cent  and 
the  per  cent  of  moisture  guaranteed  in  the  proposal.  The  adjusted 
bids  will  be  figured  to  the  nearest  tenth  of  a  cent. 

(c)  On  the  basis  of  the  adjusted  price,  allowance  will  then  be  made 
for  the  varying  heat  values  by  computing  the  cost  of  1,000,000  British 
thermal  units  for  each  coal  offered.  This  determination  will  be  made 
by  multiplying  the  adjusted  price  per  ton  by  1,000,000  and  dividing 
the  result  by  the  product  of  2,240,  multiplied  by  the  number  of  British 
thermal  units  guaranteed. 

23.  If  from  practical  service  experience  or  by  test  any  .of  the  coals    Sarvfee  iwuti 
have  in  the  past  proved  imsuited  for  the  furnace  and  boiler  equipment, 

<x  have  failed  to  meet  the  requirements  of  the  city  smoke  ordinances, 
the  bids  thereon  may  be  eliminated  from  further  consideration,  regard- 
leas  of  their  calculated  costs  per  million  B.  t.  u.  The  selection  of  the 
lowest  bid  of  the  remaining  bids  on  the  basis  of  the  cost  per  million 
B.  t.  u.  will  be  considered  as  a  tentative  award  only,  the  Government 
reservii^  the  right  to  have  practical  service  test  or  tests  made  under 
the  direction  of  the  Bureau  of  Mines,  the  results  to  determine  the  final 
award  of  contract.  The  interested  bidder  or  his  authorized  representa- 
tives may  be  present  at  such  test. 

(b)   ANTHRACITE   PEA,   AND  BTJCKWHEAT   NO.    1. 

24.  Bids  will  be  considered  on  each  item  separately;  and  in  deter-    CoDsidentkKifl. 
mining  the  award  of  the  contract,  consideration  will  be  given  to  the 

operatuig  results  obtained  with  similar  coals  on  previous  Government 
contzacta  offered  by  the  respective  bidders,  as  well  as  to  the  price  per 
ton. 
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Service  test.  25.  Before  making  final  award  of  contract,  practical  service  tests, 
under  the  direction  of  the  Bureau  of  Mines,  will  be  made  of  selected 
coals  to  determine  the  suitability  and  adaptability  of  the  coals  for  the 
particular  furnace  and  boiler  equipment  concerend.  The  interested 
bidders  or  their  authorized  representatives  may  be  present  at  such 
tests.  Samples  will  be  collected  from  the  coals  tested,  and  complete 
analyses  and  calorimetric  determinations  will  be  made,  as  well  as 
determinations  of  the  fusing  temperature  of  the  coal  ash. 

Test  re 813 Its  26.  The  results  of  the  service  test  of  the  coal  that  proves  a  satisfac- 
part  o  con  .  ^^  ^^j  ^^^  ^^  results  of  the  analyses  and  tests  of  the  samples  of  that 
coal  will  become  a  part  of  the  contract  establishing  the  standard  of  the 
coal  offered  by  the  bidder  to  whom  the  final  award  is  made.  The 
results  become  the  basis  for  determining  resectable  coal  during  the 
life  of  the  contract. 

Vm.  DELIVBBY. 

Quantity.  27.  The  coal  shall  be  delivered  in  such  quantities  at  such  times  as 

the  Government  may  direct. 

Rapidity.  28.  All  the  available  storage  capacity  of  the  Government  coal  bunk- 

ers will  be  placed  at  the  disposal  of  the  contractor  to  facilitate  delivery 
of  coal  under  favorable  conditions.  When  an  order  is  issued  for  coal, 
the  contractor  upon  commencing  a  delivery  on  that  order  shall  con- 
tinue the  delivery  with  such  rapidity  as  not  to  waste  unduly  the  ser- 
vices of  the  Gk)venunent  inspector.  Information  is  furnished  in  the 
schedule  herewith  in  relation  to  the  several  places,  etc.,  for  the  delivery 
of  coal,  but  the  bidder  is  invited  to  visit  those  places  and  inspect  the 
conditions  for  his  own  information. 

NoticeB.  29.  After  verbal  or  written  notice  has  been  given  to  deliver  coal 

under  this  contract,  a  second  notice  may  be  served  in  writing  upon  the 
contractor  to  make  delivery  of  the  coal  so  ordered  within  24  hours 
after  receipt  of  said  second  notice.  Should  the  contractor,  for  any 
reason,  fail  to  comply  with  the  second  request,  the  Government  will 
be  at  liberty  to  buy  coal  in  the  open  market  and  for  coal  so  purchased 
to  charge  against  the  contractor  and  his  sureties  any  excess  in  price 
over  the  contract  price. 

Hoon.  30.  The  contractor  will  be  allowed  to  deliver  coal  during  the  usual 

hours  of  teaming,  that  is,  between  8  a.  m.  and  5  p.  m. 

Weighing.  31.  The  coal  will  be  weighed  by  representatives  of  the  Government 

without  expense  to  the  contractor. 

IX.  SAHPUNG. 

hiSSM**^^cfiir  ^^'  ^®  payment  for  bituminous  coal  is  based  upon  the  quality  of 
'  coal  delivered  as  shown  by  analyses  of  representative  samples,  it  is 
imperative  that  samples  representing  every  order  of  coal  be  taken  and 
that  the  proper  officials  of  the  Government  buildings  see  that  such 
samples  are  obtained.  The  Bureau  of  Mines  will  have  general  direc- 
tion of  sampling,  giving  instructions  in  the  methods  of  obtaining  rep- 
resentative samples,  and  lending  all  practicable  assistance. 

be^prwm?''™*^  33.  If  desired  by  the  coal  contractor,  permission  will  be  given  to 
him  or  his  representative  to  be  present  and  witness  the  collection  and 
preparation  of  the  samples  to  be  forwarded  to  the  Government  labora- 
tories. 
During  unload-  34.  The  coal  will  be  sampled  at  the  time  it  is  being  loaded  or  un- 
loaded from  railroad  cars,  ships,  barges,  or  wagons,  or  when  discharged 
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Collection       of 
groea  sample. 


from  contractors'  supply  bins,  except  as  provided  for  in  section  27  of 
the  specifications  for  anthracite  broken,  egg,  stove,  and  chestnut. 

35.  When  the  coal  is  being  unloaded,  a  shovel  or  specially  designed    Si»   of  i^cpb- 
tool  will  be  used  for  taking  portions  or  increments  of  10  to  30  pounds 

of  coal.  For  slack  or  small  sizes  of  anthracite  increments  as  small  as 
5  to  10  pounds  may  be  taken.  The  size  of  the  increments  depends  on 
the  size  and  weight  of  the  largest  pieces  of  coal  and  impurities. 

36.  The  increments  will  be  regularly  and  systematically  collected, 
so  that  the  entire  delivery  will  be  represented  proportionately  in  the 
gross  sample.  The  frequency  of  collecting  the  increments  should  be 
regulated  so  that  a  gross  sample  of  not  less  than  1,000  pounds  will  be 
collected.  If  the  coal  contains  an  unusual  amount  of  impurities,  such 
as  slate,  and  if  the  pieces  of  such  impurities  are  very  laige,  it  will  be 
necessary  to  collect  gross  samples  of  even  1,500  pounds  or  more.  For 
slack  coal  and  for  small  sizes  of  anthracite,  if  the  impurities  do  not 
exist  in  abnormal  quantities  or  in  pieces  larger  than  three-quarters  of 
an  inch,  a  gross  sample  of  approximately  600  pounds  may  prove  suffi- 
cient. The  gross  sample  should  contain  the  same  proportion  of  lump 
coal,  fine  coal,  and  impurities  as  is  contained  in  the  coal  delivered. 
As  the  increments  are  collected,  they  will  be  deposited  in  a  receptacle 
having  a  tight-fitting  lid  and  provided  with  a  lock. 

37.  After  the  gross  sample  is  collected,  it  will  be  systen^^^cally  ^J^^^^J**  ^ 
crushed,  mixed,  and  reduced  in  quantity  to  convenient  size  for  trans- 
mittal to  the  laboratory.    The  crushing  will  be  done  by  a  mechanical 

crusher  or  by  hand  with  an  iron  tamping  bar  on  a  smooth  and  solid 
floor.  In  the  absence  of  a  smooth,  tight  floor,  the  crushing  may  be 
done  on  a  heavy  canvas,  to  prevent  the  accidental  admixture  of  any 
foreign  matter.  The  mixing  and  reduction  will  be  done  by  hand  with 
a  shovel,  or  mechanically  by  means  of  riffles  or  sampling  machines. 

38.  When  prepared  by  hand,  the  pieces  of  coal  and  impurities  will  ^J^**  prepara- 
be  crushed  to  the  approximate  size  indicated  in  the  table  below  before 

each  reduction: 


Weight  of  sample  to  be  divided. 

Sice  to 
which  ooal 
and  im- 
purities 
should  be 
broken  be- 
fore each 
division. 

1,000  pounds  or  more. . 

500  pn^ipdA         ... 

1  inch. 
}  inch. 
1  inch. 
1  inch. 
i  inch. 

250  pounds 

125  pounds 

60  pounds 

The  60-poimd  sample  will  then  be  reduced  by  quartering,  or  by  the 
use  of  riffles  or  sampling  machines,  to  the  desired  quantity  for  trans- 
mittal to  the  laboratory. 

39.  After  each  crushing,  the  sample  will  be  thoroughly  mixed  before    icixing  and  n- 
reduction  in  quantity,  the  procedure  being  as  follows:  tOTMt?  ^SiovS- 

The  crushed  coal  will  be  shoveled  into  a  conical  pile.    A  new  long'Qta-" 
pile  will  then  be  formed  by  taking  a  shovelful  at  a  time  and  spreading 
it  out  in  a  straight  line  (8  to  10  feet  long  for  a  shovel  holding  15  pounds). 
Each  new  shovelful  will  be  spread  over  the  top  of  the  preceding  one, 
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beginning  at  opposite  ends,  and  so  on,  until  all  the  coal  has  been  formed 
into  one  long  pile.    By  walking  around  the  long  pile  and  systenutti- 
cally  taking  shovelfuls,  and  shoveling  the  coal  to  one  side,  alternate 
shovelfuls  being  discarded,  the  sample  will  be  halved  in  quantity. 
MWng  and  r»-     40.  The  above '  *  long-pile  "  and  ^'  altemate-flhovel "  method  of  mixing 

"quartoring."  and  reducing  the  sample  will  be  followed  with  samples  of  125  to  250 
pounds  or  more.  Samples  smaller  will  be  mixed  on  a  canvas  about  8 
feet  square  by  raising  first  one  end  of  the  canvas  and  then  the  other, 
thereby  rolling  the  sample  back  and  forth.  After  thoroughly  mixing 
in  this  manner,  the  sample  will  be  formed  in  a  conical  pile  and  reduced 
in  quantity  by  quartering, 
cruahing  oc  in-    41.  Whenever  the  different  increments  of  samples  are  collected 

°^*°''°^*  throughout  some  considezable  period  of  time,  each  increment  may  be 

crushed  as  soon  as  taken  and  the  pieces  of  coal  and  Impurities  broken, 
sufficiently  small  to  permit  two  or  three  reductions  of  the  total  accumu- 
lated sample  before  further  crushing  is  necessary. 
Special    moi»-    42.  In  the  reduction  of  the  gross  sample  to  the  sample  for  transmittal 

tura  aample.  ^  ^^  laboratory  the  gross  sample  will  unavoidably  lose  moisture.  To 
determine  the  moisture  content  in  the  coal  delivered,  a  separate  spe- 
cial moisture  sample  must  be  taken.  This  will  be  accumulated  by 
placing  in  a  hermetically  sealed  receptacle  small  parts  of  the  freshly 
taken  increments  of  Uie  gross  sample. 
Moisture  nam-    43.  The  collection  of  special  moisture  samples  shall  be  discretionary 

gas     diacratioii-  ^^j^  t^e  Government.    Special  moisture  samples  will  be  taken  if  in 

the  opinion  of  the  Govenmient  inspector  the  coal  contains  moisture 
in  excess  of  the  amount  guaranteed  by  the  contractor.  The  special 
moisture  samples  will  be  taken  so  as  to  represent  the  coal  with  respect 
to  the  moisture  contained  at  time  of  weighing, 
de-  44.  If  deliveries  extend  over  any  considerable  period,  what  would 
otherwise  be  a  gross  sample  may  be  worked  down  in  successive  stages 
to  samples  of  a  size  suitable  for  transmittal  to  the  laboratory,  and  the 
samples  representing  the  several  equal  parts  of  a  delivery  may  be 
analysed  and  the  several  analyses  averaged,  or  the  several  samples 
may  later  be  mixed  (at  the  delivery  x)oint  or  in  the  laboratory  and 
rednced  to  one  sample)  and  one  analysis  made. 

X.  ANAIiYSIS. 

45.  Immediately  on  receipt  of  a  sample  in  the  laboratory  it  will  be 
analyzed  and  tested  by  the  Government  in  accordance  with  the  method 
reconmiended  by  the  American  Chemical  Society,  and  by  the  use  of  a 
bomb  calorimeter. 

ZZ.  CAX7SBS  FOR  BBJBOTION. 

(a)  bitumikous. 

Character.  46.  All  coal  delivered  during  a  fiscal  year  is  expected  to  be  of  the 

same  character  ad  that  specified  by  the  contractor.  It  should,  therefore, 
be  supplied  as  nearly  as  possible  from  the  same  mine  or  group  of  mines. 

Quality.  47.  It  is  important  that  the  standards  furnished  with  bids  shall  not 

establish  a  higher  value  than  can  be  actually  maintained  under  the 
terms  of  the  contract.  In  this  connection  it  should  be  recognized 
that  the  small  ''mine  samples"  usually  indicate  a  coal  of  higher  eco- 
nomic value  than  that  actually  delivered  in  carload  lots,  because  of 
the  care  taken  to  separate  extraneous  matter  from  the  coal  in  the 
''mine  samples."    It  is  evident,  therefore,  that  it  will  be  to  the  best 
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intereBts  of  the  contractor  to  fumiah  a  correct  description  with  avenge 
values  of  the  coal  offered,  as  a  failure  to  maintain  the  standard  he 
establiBhee  will  result  in  deductions  from  the  contract  price,  and  may 
cause  a  cancellation  of  the  contract,  whereas  deliveries  of  coal  of 
higher  grade  than  quoted  will  be  paid  for  at  an  increased  price  per  ton. 

48.  Goal  containing  percentages  of  volatile  matter  or  sulphur  higher     uoMtifltectocy 
than  the  limits  indicated  under  ''Description  of  Coals  Desired/'  or*^^ 
having  a  moisture  content  in  excess  of  that  guaranteed,  or  containing 
percentages  of  ash  greater  than  indicated  in  the  column  ''Maximum 

limits  for  ash"  in  the  table  in  the  section  entitled  "Price  and  Pay- 
ment," or  failing  to  give  satisfactory  results  because  of  excessive 
clintering  or  a  prohibitive  amount  of  smoke,  or  proving  for  any  other 
cause  to  be  an  undesirable  fuel,  will  be  subject  to  rejection,  and  the 
Government  will  have  the  right  to  cause  the  contractor  to  remove  such 
coal  at  no  cost  to  the  Qovemment.  Such  event  may  result  in  the  Qov- 
emment  purchasing  in  the  open  market,  or  through  competitive  bid- 
ding, suck  quantity  of  coal  to  supply  the  deficiency  caused  by  such 
Ulure,  or  annulling  the  contract  by  giving  notice  in  writing  to  that 
effect  to  the  contractor,  and  the  Government,  in  its  discretion,  pur- 
chasing such  coal  in  the  open  market  or  by  contract  upon  competitive 
proposals;  the  contractor  to  remain  liable  for  all  damages  sustained 
by  the  United  States  on  account  of  such  failure,  including  thd  differ- 
ence, if  any,  between  the  cost  of  purchasing  and  delivering  said  coal 
and  the  price  at  which  the  contractor  agreed  tofumishit.  The  contract 
price  must  be  understood  to  be  the  corrected  price  per  ton  based  upon 
analysis,  as  hereinafter  described  under  the  section  entitled  "Price 
and  Payment."  If  it  shall  be  impracticable  to  cause  the  contrac- 
tor to  remove  coal  subject  to  rejection,  the  Government  may  use 
such  rejectable  coal,  deducting  penalties  as  determined  under  the  sec- 
tion entitled  "Price  and  Payment,"  and  may  in  addition,  as  circum- 
stances warrant  in  the  opinion  of  the  Government,  deduct  a  further 
penalty  of  twenty-five  (25)  per  cent  of  the  amount  of  the  bill,  based  on 
the  toimage  of  the  coal  under  question  and  at  the  contract  price  per  ton. 

(b)  ANTERACrrX  PKA.  AND  BUCKWHBAT  NO.   1. 

49.  It  is  understood  that  the  coal  delivered  during  the  year  will  be    ^f'*^'^  ^^ 
of  the  same  character  as  that  supplied  for  the  service  test  made  to  deter-  ^     ^' 
mine  the  final  award  of  the  contract.    It  is  important,  therefore,  that 

the  quality  and  character  ef  the  coal  furnished  for  service  tests  shall 
not  establish  a  standard  higher  than  can  be  maintained,  for  a  fedlure 
to  mainfaiin  the  Standard  may  cause  the  Government  to  purchase  coal 
in  the  open  market,  and  charge  against  the  contractor  being  made  for 
the  excess  in  cost  over  the  bid  price;  or  the  contract  may  be  cancelled. 

50.  If  during  the  life  of  the  contract,  coal  is  delivered  that  gives     Unntiatectory 
unsatisfactory  service  results  as  compared  with  the  results  obtained 

on  the  coal  tested  to  determine  the  final  award  of  the  contract,  or  if 
the  analysis  and  tests  on  a  "dry-coal "  basis  of  a  sample  taken  from  coal 
used  during  any  consecutive  twenty-four  (24)  hours  show  an  ash  con- 
tent of  5  per  cent  more  or  a  yield  of  British  thermal  units  of  6  per  cent 
len,  than  was  shown  by  the  sample  taken  to  determine  the  final  award 
of  the  contract,  or  should  any  of  the  other  results  of  analysis  or  test  indi- 
cate coal  of  inferior  quality  or  of  different  character  than  that  desig- 
nated in  the  contract,  then  the  lot  of  coal  from  which  the  coal  fired  for 
twenty-four  (24)  hours  was  obtained  will  be  subject  to  rejection,  and 
the  Govemment  will  have  the  right  to  cause  the  contractor  to  remove 
alt  no  cost  to  the  Government  the  remaining  coal  of  the  delivery.    Such 
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event  may  result  in  the  Government  purchasing  in  the  open  market, 
or  through  competitive  bidding,  such  quantity  of  coal  to  supply  the 
deficiency  caused  by  such  failure,  or  annulling  the  contract  by  giving 
notice  in  writing  to  that  effect  to  the  contractor,  and  the  Government, 
in  its  discretion,  purchasing  such  coal  in  the  open  market  or  by  con- 
tract upon  competitive  proposals;  the  contractor  to  remain  liable  for 
all  damages  sustained  by  the  United  States  on  account  of  such  failure, 
including  the  difference,  if  any,  between  the  cost  of  purchasing  and 
delivering  said  coal  and  the  price  at  which  the  contractor  agreed  to 
furnish  it.  If  it  shall  be  impracticable  to  cause  the  contractor  to 
removi  coal  subject  to  rejection,  the  Government  may  xiae  such  reject- 
able  coal,  and  may  deduct  a  penalty  of  25  per  cent  of  the  amount  of  the 
bill  based  on  the  tonnage  of  the  delivery  under  question  and  at  the 
contract  price  per  ton,  if  in  the  opinion  of  the  Government  the  cir- 
cumstances warrant  the  deduction. 
Unacceptable  51.  Coal  containing  an  undue  percentage  of  fine  coal,  bone,  slate, 
dirt,  or  moisture  will  not  be  accepted  by  the  Government  inspector. 

Xn.  PBICE  AND  PAYMENT. 

(a)    bituminous   COAL. 

Prompt  pay-  52.  Payment  will  be  made  promptly  upon  receipt  of  a  report  from 
the  Bureau  of  Mines  on  the  quality  of  the  coal  under  consideration. 
The  Bureau  of  Mines  will  fumiah  such  report  in  not  more  than  fifteen 
(15)  days  after  the  receipt  of  the  sample  or  samples. 

Determinatioii     53.  Payment  for  coal  specified  in  the  proposal  will  be  made  upon  the 

of  price.  hniOB  of  the  price  therein  named,  corrected  as  follows  for  variations  in 

heating  value,  ash,  and  moisture  from  the  standards  specified  in  the 

contract  (see  section  48  for  an  additional  deduction  on  coal  subject  to 

rejection): 

(a)  Considering  the  coal  on  a  '* dry-coal"  basis,  no  corrections  in 
price  will  be  made  for  variations  of  2  per  cent  or  less  in  the  number  of 
British  thermal  units  from  the  guaranteed  standard.  When  the  vari- 
ation in  heat  units  exceeds  2  per  cent  of  the  guaranteed  standard,  the 
correction  in  price  will  be  a  proportional  one  and  will  be  determined 

by  the  following  formula: 

_  ^        ,  ,.        .       .  „..  ,„,     .  X  bid price=price result- 

B.  t.  u.  delivered  coal  ("dry-coal "basis)       ^    i^tit^^  S   ♦  „  «^, 

«-i 7773 nrc — ^-^ —    -n  ^' TZTiX    mg  from  B.  t.  u.  cor- 

B.  t.  u.  ("dry-coal "  basis)  specified  m  contract  u^ 

For  example,  if  coal  delivered  on  a  contract  guaranteeing  14,000  British 
thermal  units  on  a  "dry-coal"  basis  at  a  bid  price  of  |3  per  ton  shows 
by  calorific  test  results  varying  between  13,720  and  14,280  British 
thermal  units,  there  will  be  no  price  correction.  If,  however,  the 
delivered  coal  shows  by  calorific  test  14,300  British  thermal  units  on  a 
^  "dry-coal"  basis  for  example,  the  price  for  this  variation  from  the 
contract  guarantee  is,  by  substitution  in  the  formula: 

The  correction  will  be  figured  to  the  nearest  tenth  of  a  cent. 

(6)  For  all  coal  that  by  analysis  contains  less  ash  on  a  "  dry-coal '* 
basis  than  the  percentage  specified  herein,  a  premium  of  2  cents  per 
ton  for  each  whole  per  cent  less  will  be  paid.  An  increase  in  the  ash 
content  of  2  per  cent  above  the  standard  established  by  the  contractor 
will  be  tolerated  without  exacting  a  penalty.  When  such  excess 
is  greater  than  2  per  cent,  deductions  will  be  made  in  aoooidance 
with  the  following  table: 
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Ab  aa  example  of  the  method  of  detennining  the  deduction  in  cents 
per  ton  for  coal  containing  aah  exceeding  the  standard  by  more  than  2 
per  cent,  suppose  coal  delivered  on  a  contract  guaranteeing  10  per  cent 
ash  on  Uie  ''dry  coal"  basis  shows  by  analysis  between  14.01  and  15 
per  cent  (both  inclusive),  or,  for  instance,  14.55  per  cent,  the  deduction 
according  to  the  table  is  7  cents  per  ton  (reading  to  the  right  on  line 
beginning  with  10  per  cent  on  the  extreme  left,  which  in  this  case  is  the 
standard,  to  the  column  containing  ''14.01-15,'-  the  deduction  at  the 
top  of  this  column  is  seen  to  be  7  cents). 

Non.— If  the  ash  standard  is  an  unayon  p«nMntafa,  the  table  will  be  revfaed  in  order 
to  determine  deduetloos  on  aooount  of  excessive  ash.  For  example,  if  the  ash  standard 
is  6.63  per  cent,  each  penMntage  value  beginning  with  6  in  the  left-hand  column  and  all 
figures  in  the  line  reading  to  the  right  of  6  will  be  increased  by  0.63.  There  would  be  no 
deduction  then  in  price  for  ash  in  deUvered  coal  up  to  and  including  8.63  per  cent,  while 
for  coal  having  an  ash  content,  iior  instance,  between  11  J>4  and  12.63  per  cent  the  deduc- 
tion would  be  12  cents  per  ton. 

(c)  The  price  will  be  further  corrected  for  moisture  content  in  excess 
of  the  amount  guaranteed  by  the  contractor,  the  deduction  being  deter- 
mined by  multiplying  the  price  bid  by  the  percentage  of  moisture  in 
excess  of  the  amount  guaranteed.  The  correction  wiU  be  figured  to 
the  nearest  tenth  of  a  cent.  For  example,  if  coal  delivered  on  a  contract 
guaranteeing  3  per  cent  moisture  with  bid  price  of  $3.50  per  ton  shows 
by  analysis  4.65  per  cent  moisture,  the  bid  price  is  multiplied  by  1.65 
(tiie  excess  moisture),  which  gives  5.8  cents  ($0,058)  as  the  deduction 

per  ton. 

[$3.50X(4.65-3.00»1.65  per  cent)»5.775  cents.] 

(b)  anthbagfte  pea  and  buckwheat  no.  1. 

Tnmpk  pay-  54.  Payment,  which  will  be  promptly  made  upon  completion  of  an 
order,  will  be  based  upon  the  contract  price,  provided  the  coal  is  not 
subject  to  rejection  (see  section  entitled  '' Causes  for  rejection"). 

Xnr.  ZNTOBMATXOK  TO  BB  SXJPPLZBD. 

55.  Estimated  quantity  of  coal  required, tons  (2,000  or  2,240 

pounds). 

56.  (The  point  of  delivery,  method  of  delivery,  capacity  and  fadlities 
for  storage,  etc.,  are  here  furnished.) 

57.  The  bidder  must  insert  in  the  blank  spaces  below  the  informa- 
tion called  for  on  the  coal  he  proposes  to  furnish,  without  which  infor- 
mation the  proposal  will  be  informal: 

(A)    BITUMINOU8." 

(a)  Commercial  name  of  the  coal 

(b)  Name  of  the  mine  or  mines 

(c)  Location  of  the  mine  or  mines  (town,  county,  State) 

(d)  Railroad  on  which  mine  is  located 

a  Bidden  are  cautioned  a^ahist  specifying  higher  standards  than  can  be  maintained, 
for  to  do  so  may  result  in  the  bid  being  rejected  (sec  8),  or  may  result  in  reieotion  of 
dettrered  ooal  or  cancellation  of  tlie  ocntraot  and  the  Oovenunent  purchasing  ooal  in  the 
open  market  and  charging  against  the  oontractor  the  difflerenoe  in  cost  (see  sees.  47 
and  48). 


SAMPUKG  OOAL  DELIVEUEB.  63 

(e)  Name  or  other  designation  of  the  coal  bed  or  beda 

(/)  Name  of  operator  of  mine  or  mines 

(g)  Britiahthennalunitsperpoundof ''dry  coal" 

(A)  Percentage  of  ash  in  "dry  coal" 

(t)  Percentage  of  sulphur  in  "dry  coal" 

(j)  Percentage  of  volatile  matter  in  "dry  coal" 

(t)  Moisture  in  coal  "as  received" 

({)  Additional  description  of  coal  as  deemed  of  importance  by  the 
bidder 

(m)  Price  per  ton  of pounds  (thispriceisunderstood  to  be  the  bid 

price  per  ton,  see  section  &3  for  method  of  determining  price  for  de- 
livered coal) 

(b)   anthracite,   PEA,   AND  BUCKWHEAT  NO.    1. 

(a)  Coalfield 

(6)  District 

(c)  Colliery  and  location ^ 

((f)  Name  and  address  of  operator 

(c)  Bailroad  upon  which  colliery  is  located 

(/)  Name  or  other  designation  of  the  coal  bed  or  beds 


{g)  Additional  description  of  coal  as  deemed  of  importance  by  the 
bidder^ •. 


(A)  Price  per  ton  of pounds: 

Pea 

Buckwheat  No.  1 


Hie  Sbobxtabt  of  thb Depabthbnt: 

Tlie  nndendgned  hereby  propose  . .  to  furnish  and  deliver  to 

the  coal  as  above  specified,  and  at 

the  price  stated  above,  subject  to  all  the  conditions  of  the  specifications 

and  proposal,  for  the  fiscal  year  commencing  on  the  Ist  of  July, 

and  ending  on  the  3(Hh  of  June, 

llie  undersigned  ha.,  read  the  specifications  and  proposal  and 
agree.,  to  comply  therewith  in  every  particular. 


SjgiwUiiie  of  each  memlMr  oi  the  firm  and' 
flrm  name:  U  a  oorporatkm,  its  name,  and 
linaatuie  of  the  offloor  authoriced  to  algn  for 
the  corporation,  together  with  a  copy,  under 
■al  of  hie  authority  to  sign;  also,  the  name  of 
the  State  In  which  incorporated. 


Dotaig  boslnees  imder  the  firm  name  of. 
Flaoeof  horineM 


Noa.~(>wlnt  to  the  diffloolty  in  deciphering  aignatuits,  a  typewritten  oopy  of  fame 
ihoold  be  attached. 


SPECIFICATIONS  AND  PROPOSALS  FOR  AN- 
THRACITE FURNACE  (BROKEN),  EGG,  STOVE, 
AND  CHESTNUT    COAL. 


I.  PBOPOSALS. 


Signature. 


Cash   or 

oorti- 

fled  check. 

Sureties. 

May  be  waived. 

Rejection 

and 

annulment. 

Estimated 

quantity. 

Lowest 

bids 

may  not  be 

con- 

sidered. 

Failure  to 

con- 

tract. 

Contracts 

non- 

transferable. 

Default. 

Character. 

Quality. 

1.  (Same  as  section  1,  page  52.) 

2.  (Same  as  section  2,  page  52.) 

n.  ADDBESS  OF  PBOPOSALS. 

3.  (Same  as  section  3,  page  52.) 

m.  PBOPOSALS— OUABANTY. 

4.  (Same  as  section  4,  page  52.) 

5.  (Same  as  section  5,  page  52.) 

IV.  CONTBACTOB'S  BOND. 

6.  (Same  as  section  6,  page  52.) 

7.  (Same  as  section  7,  page  53.) 

V.  BESEBVATIONS. 

• 

8.  (Same  as  section  8,  page  53.) 

9.  (Same  as  section  9,  page  53.) 

10.  (Same  as  section  11,  page  53.) 

11.  (Same  as  section  12,  page  53.) 

12.  (Same  as  section  13,  page  54.) 

13.  (Same  as  section  14,  page  54.) 

VI.  DBSCBIPTION  OF  COAL  DBSIBBD. 

14.  The  coal  must  be  the  best  quality  Pennsylvania  white-ash 
anthracite. 

15.  It  must  be  well  screened,  practically  free  from  dirt,  must  not 
contain  undue  percentages  of  moisture,  slate,  or  bone,  and  must  equal 
in  quality  and  preparation  the  best  white-ash  anthracite  produced. 
The  coal  must  not  contain  more  than  the  following  percentages  of  ash 
on  the  "dry-coal"  basis: 


sue  of  coal. 

j\sh  In  "dry 
coal." 

Furnace 

10  per  cent. 

11  per  cent. 

12  per  cent. 
14  per  cent. 

KOV  ...-rrTrr,T TfTrT. 

tfoo 

stove 

Chestnut 

Information  to     16.  (Same  as  section  20,  page  54.) 
be   supplied    by  >  t-o         / 

"^^*'-  Vn.  AWABD. 

Cooaideration.      17.  Bids  will  be  considered  on  each  item  separately,  and  in  deter- 
mining the  award  of  the  contract  consideration  will  be  given  to  the 
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Quantity. 

Rapidity. 

Notioes. 

Hours. 

Weighing. 


results  obtained  with  coals  fumiBhed  on  previous  Government  con- 
tracts by  the  respective  bidders,  as  well  as  to  the  price  per  ton  specified. 

18.  If  it  should  appear  to  the  best  interests  of  the  Government  to  do  Lowest  bids 
so,  the  right  will  be  reserved  to  award  the  contract  for  supplying  coal  at  SSaed?*  ^  ^°" 
a  price  higher  than  that  named  in  a  lower  bid  or  in  lower  bids. 

Vin.  DELIVERY. 

19.  (Same  as  section  27,  page  56). 

20.  (Same  as  section  28,  page  56). 

21.  (Same  as  section  29,  page  56). 

22.  (Same  as  section  30,  page  56). 

23.  (Same  as  section  31,  page  56). 

IX.  SAMPLING. 

24.  Samples  which  may  be  taken  (see  section  27)  will  be  collected    Method. 
in  accordance  with  the  methods  and  principles  which  are  a  part  of  the 
specifications  generally  used  by  the  Government  for  the  purchase  of 

coal  under  specifications  and  as  set  forth  in  U.  S.  Bureau  of  Mines 

BuUetin  63. 

Z.  ANALYSIS. 

25.  Samples  will  be  analyzed  and  tested  by  the  Government  in 

accordance  with  the  method  reconmiended  by  the  American  Chemical 

Society. 

ZI.  CAUSES  FOB  BEJBCTION. 

26.  If  the  percentage  of  bone,  dirt,  slate,  or  smaller  sizes  in  a  Unsatlafactory 
given  coal  exceeds  the  percentage  required  by  the  best  preparation,  or 

if  the  given  coal  fails  to  give  satisfactory  results  because  of  excessive 
clinkeiing,  or  excessive  ash-pit  refuse,  it  will  be  subject  to  rejection, 
and  the  Government  will  have  the  right  to  cause  the  contractor  to 
remove  such  coal  at  no  cost  to  the  Government.  The  Government  may 
then  purchase  coal  in  the  open  market  and  make  charge  against  the  con- 
tractor for  the  excess' in  cost  of  coal  so  piuchased.  The  Government 
inspector  will  not  accept  coal  if  in  his  opinion  it  is  re jec table,  or  if  it 
contains  an  undue  percentage  of  moisture,  and  he  will  have  the  right  to 
refuse  to  accept  coal  from  a  source  other  than  that  specified  by  the 
bidder  under  section  32,  unless  the  contractor  may  have  received  per- 
mission from  the  Grovemment  to  substitute  said  coal. 

27.  If  it  is  impracticable  for  the  Government  to  cause  the  contractor  Ash  d  e  d  a  c- 
to  remove  coal  that  produces  excessive  ash-pit  refuse,  samples  may  be  ^*^°^' 

taken  during  the  consumption  of  such  coal,  and  if  on  analysis  the  ash 
content  on  the  '^dry-coal "  basis  is  equal  to  or  greater  than  the  following 
percentages  for  the  respective  sizes  of  coal,  ten  (10)  per  cent  of  the  bid 
price  of  the  coal  delivered  and  unused  at  the  time  of  sampling  will  be 
deducted: 


Site  of  coal. 

Aaliin"dry 

coal,"  per 

cent. 

Furnace 

14 
15 
16 
18 

ECK 

*T» 

Stove 

Chestnut 

28.  The  delivery  of  unsatisfactory  fuel  may  result  in  the  Govern-    ope^market 
meot  purchasing  in  the  open  market,  or  through  competitive  bidding, 
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such  quantity  of  coal  to  supply  the  deficiency  caused  by  such 
failure,  or  annulling  the  contract  by  giving  notice  in  writing  to 
that  effect  to  the  contractor,  and  the  Government,  in  its  discretion, 
purchasing  such  coal  in  the  open  market  or  by  contract  upon  com- 
petitive proposals;  the  contractor  to  remain  liable  for  all  damages 
sustained  by  the  United  States  on  account  of  such  failure,  including 
the  difference,  if  any,  between  the  cost  of  purchasing  and  delivering 
said  coal  and  the  price  at  which  the  contractor  agreed  to  furnish  it. 

Xn.  PRICE  AND  PAYMENT. 

29.  Payment  will  be  promptly  made  on  completion  of  an  order  and 
will  be  based  on  the  contract  price,  provided  the  coal  is  a  satisfactory 
fuel.  If  the  coal  is  unsatisfactory  (see  sections  26  and  27),  and  it  is 
impracticable  for  the  Crovemment  to  cause  the  contractor  to  remove 
such  coal,  payment  will  be  promptly  made  on  ninety  (90)  per  cent  of 
the  total  amount  of  the  bill,  based  on  the  contract  price  and  the  ton- 
nage of  the  order,  the  ten  (10)  per  cent  being  withheld  to  cover  the 
deduction  provided  for  under  section  27,  "Ash  deductions." 

Xni.  INFORMATION  TO  BE  SUPPLIED. 

30.  (Same  as  section  55,  page  62.) 

31.  (Same  as  section  56,  page  62.) 

32.  The  bidder  must  insert  in  the  blank  spaces  the  information 
called  for  on  the  coal  he  proposes  to  furnish,  without  which  information 
the  proposal  will  be  informal: 

(a)  Coalfield 

(6)  District 

(c)  Colliery  and  location 

(<f)  Name  and  address  of  operator 

{e)  Railroad  upon  which  colliery  is  located 

(J)  Name  or  other  designation  of  the  coal  bed  or  beds 

{g)  Price  per  ton  of pounds: 

Furnace 

Egg 

Stove 

Chestnut 


The  Secretary  op  the Department: 

The  undersigned  hereby  propose. .  to  furnish  and  deliver  to 

the  coal  as  above  specified  and  at 

the  price  stated  above,  subject  to  all  the  conditions  of  the  specifica- 
tions and  proposal,  for  the  fiscal  year  commencing  on  the  1st  of  July, 

,  and  ending  on  the  30th  of  June, 

The  undersigned  ha.,   read  the  specifications  and  proposal  and 
agree. .  to  comply  therewith  in  every  particular. 

Signature  of  each  member  of  the  firm  andi  ^  ^ 
firm  name.    If  a  corporation,  its  name  and 

signature  of  the  officer  authorized  to  sign  for 

the  corporation,  together  with  a  copy,  under  ' 

seal,  of  his  authority  to  sign;  also  the  name  of 

the  State  in  which  incorporated.  J 

Doing  business  under  the  firm  name  of 

Place  of  business 


Note.— Owing  to  the  difficulty  in  deciphering  signatures,  a  t>'pewrltten  copy  of  same 
should  be  attached. 
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PREFACE. 


One  of  the  problems  that  confronts  American  ironmasters  is  the 
efficient  reduction  of  magnetite  containing  high  percentages  of  tita- 
nium. From  time  to  time  the  discovery  of  enormous  bodies  of 
workable  titaniferous  ore  has  been  reported,  and  the  available  litera- 
ture dealing  with  the  geologic  occurrence  and  the  economic  value  of 
the  titaniferous  magnetites  in  the  United  Statas  contains  a  mass  of 
information  that  in  part  is  based  on  incomplete  observation  and 
even  on  hearsay. 

Although  the  supplies  of  nontitaniferous  iron  ore  that  are  available 
in  the  United  States  are  still  to  be  measured  by  millions  of  tons,  yet 
the  approaching  exhaustion  of  many  high-grade  deposits,  the  general 
acceptance  by  blast  furnaces  of  ores  lower  in  iron  than  those  utilized 
10  years  ago,  and  the  probability  of  even  lower-grade  ores  being  used 
in  increasing  quantities  indicate  that  some  large  deposits  of  ore 
would  be  contributing  to  the  needs  of  the  country  were  it  not  for 
their  titanium  content.  In  an  attempt  to  ascertain  just  what  the 
economic  possibilities  of  the  larger  deposits  of  titaniferous  iron  ore 
may  be,  the  Bureau  of  Mines  took  up  the  study  of  the  possible  utili- 
zation of  these  ores  through  some  concentrating  process.  The  con- 
duct of  this  investigation  was  assigned  to  Mr.  J.  T.  Singewald,  jr., 
and  the  results  are  presented  in  this  report.  Mr.  Singewald  was 
directed  to  pay  especial  attention  to  the  possibility  of  utilizing  titan- 
iferous ores  at  a  profit  with  present  methods  and  devices  and  under 
existing  conditions.  He  was  authorized  to  study  in  detail  the 
physical  structure  and  chemical  composition  of  the  ores,  as  bearing 
on  the  problem  of  utilization,  but  not  to  undertake  any  detailed 
investigation  of  the  origin  and  geologic  distribution  of  the  deposits. 

It  is  to  be  regretted  that  the  results  of  Mr.  Singewald's  careful 
study  of  the  ores  are  chiefly  negative.  Some  deposits  of  titaniferous 
iron  ore  are  clearly  not  as  extensive  nor  as  high  in  iron  as  they  were 
reported  to  be.  Moreover,  examination  of  many  samples  by  metal- 
lographic  methods  has  demonstrated  that  although  a  large  part  of 
the  titanium  in  these  ores  is  in  the  form  of  ilmenite,  much  of  this 
ilmenite  is  far  more  intimately  associated  with  the  magnetite  than 
has  generally  been  supposed.  Part  of  the  magnetite  and  ilmenite 
occurs  in  such  large  and  distinct  aggregates  that  their  separation  by  a 
magnetic  concentration  after  fine  crushing  is  practicable,  but  in  by  far 
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the  larger  number  of  samples  examined  and  in  practically  all  the  ore 
bodies  that  are  known  to  be  large  enough  and  rich  enough  in  iron 
to  be  of  much  importance,  most  of  the  ilmenite  occurs  as  such  fine 
intergrowths  in  the  mass  of  the  magnetite  that  a  complete  separation 
of  the  two  minerals  by  any  process  based  on  difference  of  physical 
properties  still  seems  impractical.  Crushing  even  to  200  mesh  would 
not  insure  a  clean  separation  of  the  two  minerals.  Consequently  the 
problem  of  utilizing  titaniferous  magnetites  involves  the  application 
of  chemical  rather  than  physical  methods.  In  short,  the  problem  is 
not  one  of  eliminating  the  titanium  by  milling  but  of  reducing  the 
ores  directly  by  some  smelting  process. 

Iron  ores  containing  over  1  per  cent  of  titanium  are  troublesome  to 
smelt  in  the  blast  furnace.  Though  Rossi  and  other  investigators 
have  demonstrated  the  possibility  of  eliminating  titanium  through 
the  formation  of  relatively  fluid  slags  consisting  of  complex  titano- 
silicates,  there  seems  to  be  no  inclination  on  the  part  of  the  iron- 
masters to  adopt  furnace  practice  to  these  conditions.  However, 
as  Mr.  Singewald  points  out,  it  is  practicable  to  use  in  blast-furnace 
mixtures  small  proportions  of  the  concentrates  from  a  magnetic  sepa- 
ration of  the  titaniferous  ores  with  little  change  in  present  methods 
and  without  danger  of  choking  a  furnace.  The  use  of  electricity  in 
smelting  offers  other  possibilities.  The  reduction  of  titaniferous  ores 
in  electrically  heated  furnaces  and  the  production  of  iron-titanium 
alloys  by  a  direct  process  are  problems  of  such  importance  that  the 
Bureau  of  Mines,  in  connection  with  its  investigations  of  the  treat- 
ment of  ores  and  of  more  efficient  methods  of  smelting,  is  undertaking 
experiments  with  these  ores.  The  results  of  these  experiments  will 
be  published  in  future  reports  of  the  bureau. 

J.  A.  Holmes. 


THE  TITANIFEROUS  IRON  ORES  IN  THE  UNITED  STATES; 
THEIR  COMPOSITION  AND  ECONOMIC  VALUE. 


By  Joseph  T.  Singewald,  Jr. 


INTRODUCTION. 

The  term  'Hitaniferous  magnetite"  is  used  to  designate  those  mag- 
netic ores  of  iron  that  carry  more  than  2  or  3  per  cent  of  titanium. 
Large  and  easUy  workable  deposits  of  these  ores  occur  in  different 
parts  of  the  world,  and  have  attracted  attention  for  many  years. 
Under  present  furnace  practice,  however,  the  smelting  of  these  ores 
is  both  difficult  and  expensive,  and  for  that  reason  they  are  not 
accepted  by  furnaces,  so  that  the  deposits  are  practically  worthless. 
The  problem  of  finding  a  feasible  method  of  utilizing  these  ores  has 
naturally  been  attractive,  and  numerous  attempts  have  been  made  to 
solve  it. 

Experiments  to  that  end  embrace  two  lines  of  investigation.  The 
one  that  has  been  the  more  frequently  tried  is  the  elimination  of  the 
titanium  from  the  ores,  so  as  to  make  possible  their  smelting  in  the 
usual  way.  The  other  is  the  devising  of  a  method  of  smelting  by 
which  titanif  erous  ores  may  be  reduced  as  economically  as  are  non- 
titaniferous  ores.  The  former  method  involves  a  physical  process,  the 
latter  a  chemical  process. 

The  measure  of  success  attainable  by  the  first  method  depends 
entirely  on  the  relations  between  the  iron  and  the  titanium  in  the  ore. 
Views  in  regard  to  these  relations  have  been  divergent.  Some  investi- 
gators have  believed  the  titanium  to  occur  as  a  part  of  the  magnetite 
molecule,  in  which  case,  of  course,  any  process  of  mechanical  s^arar 
tion  would  be  impossible.  Others  have  believed  that  the  titanium 
occurs  as  the  mineral  ilmenite,  and  that  the  ores  are  aggregates  of 
magnetite  and  ilmenite.  In  this  case  a  separation  of  the  two  minerals 
is  theoretically  possible.  Magnetite  is  highly  magnetic;  ilmenite  is 
nonmagnetic  or  only  feebly  magnetic.  Crushing  and  magnetic  con- 
centration should  separate  them.  Numerous  experiments  in  mag- 
netic separation  have  been  made  with  various  degrees  of  success,  but 
rarely  has  more  than  a  very  imperfect  separation  been  obtainable. 
In  other  words,  some  of  the  titanium  exists  in  a  separable  form  and 
some  in  an  inseparable  form,  and  the  ratio  between  the  two  forms  is 
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different  in  different  ores.  The  whole  question  as  to  the  nature  of  the 
ores  remains  little  understood. 

The  use  of  the  metallographic  microscope  seemed  to  offer  a  means 
of  determining  the  relations  that  exist  between  the  titanium  and  the 
iron  in  these  ores.  In  the  winter  of  1911,  in  the  capacity  of  Henry  E. 
Johnston  scholar  at  the  Johns  Hopkins  University;  the  author  took 
up  the  study  of  the  problem  along  these  lines.  The  necessary 
apparatus  and  laboratory  facilities  were  provided  by  the  geological 
department  of  the  university.  Material  for  a  preliminary  study  was 
very  kindly  furnished  by  Prof.  J.  F.  Kemp  from  the  collection  of 
titaniferous  ores  made  by  him  and  contained  in  the  collections  at 
Columbia  University.  This  material  was  supplemented  by  ores 
obtained  from  Mr.  W.  L.  Cumings,  of  the  Bethlehem  Steel  Co. 

A  study  of  this  material  yielded  results  warranting  a  more  thor- 
ough investigation  of  the  problem,  and  this  was  made  possible 
through  the  Bureau  of  Mines,  with  which  the  author  became  con- 
nected in  Jime,  1911.  The  summer  of  1911  was  spent  in  visiting  the 
principal  localities  in  the  United  States  at  which  titaniferous  iron  ores 
occur,  for  the  purpose  of  making  systematic  collections  of  material. 
The  following  winter  was  spent  in  a  study  of  the  collected  material 
in  the  geological  laboratory  of  the  Johns  Hopkins  University  where 
the  author  continued  as  a  Johnston  scholar.  This  report  is  an 
account  of  the  results  obtained. 

The  author  wishes  to  express  his  appreciation  to  those  who  made 
possible  the  carrying  out  of  this  investigation  and  to  those  who 
rendered  assistance  during  its  progress. 

THE  UTIUZATION  OF  TITANIFEROUS  IRON  ORES. 

As  stated  above,  the  problem  of  the  utilization  of  the  titaniferous 
iron  ores  can  be  attacked  along  two  lines — first,  by  the  use  of  metal- 
lurgical processes,  involving  the  direct  reduction  of  the  ores;  second, 
by  the  use  of  milling  methods,  involving  the  elimination  of  titanium 
from  the  ores.  The  progress  that  has  been  made  along  these  lines 
is  briefly  stated  in  the  following  pages. 

THE  SMELTING  OF  TITANIFEROUS  IRON  ORES. 

SMEI/riNG  IK  THE  BIiAST  FURNACE. 

Notwithstanding  extensive  discussions  of  the  subject  from  time  to 
time,  the  possibiUties  of  smeltiag  titaniferous  iron  ores  in  the  blast 
furnace  are  still  undetermined.  That  such  ores  have  been  smelted 
and  excellent  pig  iron  made  from  them  is  well  known.  It  is  equally 
well  established  that  in  many  such  cases  the  consumption  of  fuel  has 
been  so  great  as  to  make  the  cost  of  the  process  excessive.  At  present 
there  is  a  prejudice,  justifiable  or  not,  against  the  use  of  ores  cairyiog 
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more  than  1  per  cent  of  titanium.  This  prejudice  is  based  chiefly  on 
the  belief  that  the  ores  require  an  undue  amount  of  fuel  to  reduce  them, 
and  Uiat  they  cause  the  accumulation  of  infusible  titanium  compounds 
that  iiltimately  choke  the  furnace. 

A  historical  review  of  the  use  of  titaniferous  iron  ores  shows  that 
their  use  has  gradually  declined.  In  the  early  days  of  the  Catalan 
forge  and  small  charcoal  furnaces  it  did  not  seem  to  make  any  par- 
ticular difference  whether  an  ore  was  titaniferous  or  not.  Many 
deposits  of  titaniferous  ores  were  worked  and  smelted  without  diffi- 
culty. This  fact  no  doubt  is  explainable  in  part  by  the  condition  of 
the  iron  industry  at  that  time.  Some  of  the  arguments  that  are 
used  against  the  ores  at  present  woiild  have  been  of  little  weight  in 
those  days.  The  enterprises  w^e  small  and  the  production  of  iron 
was  of  far  greater  moment  than  the  cost  of  production.  The  early 
furnaces  and  forges  were  surrounded  by  virgin  forests,  and  the  amount 
of  charcoal  required  was  not  considered  an  important  factor.  Later, 
as  the  furnaces  increased  in  size  and  the  expense  of  procuring  char- 
coal became  greater,  the  quantity  of  fuel  required  to  produce  a  ton 
of  iron  had  to  be  taken  into  consideration.  As  the  higher  the 
titanium  content  of  an  ore,  the  lower  the  possible  iron  content,  the 
use  of  titaniferous  ores  was  of  itself  equivalent  to  the  use  of  lower- 
grade  ores.  Further,  the  slags  produced  from  titaniferous  ores  in 
ordinary  furnace  practice  are  less  fluid,  and  hence  the  furnace  had  to 
be  run  at  higher  temperatures.  This  method  of  operation  caused 
the  reduction  of  the  titanium,  a  result  that  was  favorable  to  the  for- 
mation of  infusible  accretions  of  titanium  in  the  furnace.  Thus  the 
use  of  titaniferous  ores  tended  naturally  to  a  high  fuel  consumption, 
and  at  times  to  the  choking  of  the  furnace.  The  prejudice  against 
the  ores  became  so  great  that  finally  no  furnace  would  knowingly 
use  them. 

However,  because  the  deposits  of  titaniferous  ore  are  so  numerous 
and  so  large,  and  the  ores  so  low  in  phosphorus  and  sulphur,  they 
have  never  ceased  to  attract  attention  and  numerous  experiments 
have  been  conducted  looking  to  a  means  of  utilizing  them.  During 
the  sixties  and  seventies  of  the  last  century  the  subject  was  repeat- 
edly discussed  in  the  Journal  of  the  British  Iron  and  Steel  Institute. 
Attention  was  called  to  the  fact  that  these  ores  had  been  worked  and 
were  then  being  worked  in  a  number  of  furnaces  in  Norway,  Sweden, 
and  England.  At  some  of  those  furnaces  the  entire  charge  consisted 
of  titaniferous  ores,  at  others  they  were  mixed  with  nontitaniferous 
ores.  With  the  evolution  of  the  modem  blast  furnace,  however,  all 
of  these  attempts  have  gradually  been  discontinued.  A  century  ago 
there  were  15  small  charcoal  furnaces  in  operation  at  Taberg  in 
Sweden,  but  for  a  number  of  years  the  deposit  has  been  wholly 
abandoned. 
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Probably  the  most  extensively  used  of  these  ores  in  the  United 
States  were  those  of  Lake  Sanford,  N.  Y.  A  furnace  with  a  daily 
capacity  of  3  or  4  tons  was  built  there  in  1840.  The  furnace  was 
subsequently  enlarged,  and  a  second  furnace  with  a  capacity  of  12 
to  15  tons  was  built.  This  remained  in  operation  until  1856.  The 
natural  difficulties  due  to  the  inaccessible  location  of  the  enterprise 
were  of  themselves  almost  insuperable;  so  that  its  duration  is  rather 
remarkable  apart  from  any  difficulties  due  to  the  highly  titaniferous 
character  of  the  ores. 

Two  blast  furnaces  were  erected  on  Bay  St.  Paul  in  1873  by  the 
Canadian  Titanic  Iron  Co.  to  utilize  the  titaniferous  ores  of  that  part 
of  the  St.  Lawrence  region,*  but  were  operated  for  only  a  few  years. 
Under  the  most  favorable  circumstances  3,040  to  3,792  pounds  of 
charcoal  per  ton  of  iron  was  required,  and  when  the  ore  and  the  lime- 
stone had  become  wet  or  covered  with  ice,  as  much  as  6,400  pounds 
was  required.  Harrington  states  that  the  experience  in  Sweden  has 
been  that  in  many  cases  more  than  twice  as  much  charcoal  is  neces- 
sary than  is  required  to  smelt  ordinary  magnetites. 

In  most  cases  it  seems  that  no  attempt  was  made  to  adapt  the  fur- 
nace charges  to  the  nature  of  the  ores.  It  will  be  interesting,  there- 
fore, to  review  some  of  the  results  that  have  been  obtained  when 
such  attempts  were  made. 

David  Forbes,  who  was  connected  with  charcoal  ironworks  in 
southern  Norway  that  used  titaniferous  ores,  states  ^  that  the  expe- 
rience of  the  Scandinavian  ironmasters  has  shown  that  the  only 
objection  to  their  use  is  that  they  require  a  large  amount  of  charcoal, 
and  hence  their  use  is  not  profitable  where  other  ores  free  from  tita- 
nium can  be  obtained  at  a  reasonable  rate.  For  this  reason  he  found 
it  unprofitable  to  smelt  alone  an  ore  carrying  42.04  per  cent  Fe  and 
15.10  per  cent  TiO„  but  could  readily  use  such  an  ore  with  equal  parts 
of  a  nontitaniferous  ore.  In  the  attempts  to  smelt  it  more  easily,  he 
says,  his  predecessor,  supposing  that  a  volatile  compound  of  silicon 
and  titanium  would  be  formed,  fluxed  the  ore  with  increasing  charges 
of  stamped  quartz  until  a  cast  iron  was  obtained  so  highly  charged 
with  silicon  that  '*it  flowed  from  the  furnace  like  porridge."  Forbes 
went  to  the  other  extreme  in  fluxing  with  lime  so  as  to  form  a  titanate 
of  lime  and  obtained  unsatisfactory  results.  Subsequently  he  found 
that  by  using  both  quartz  and  limestone  as  fluxes  silicotitanates  of 
much  more  fusible  character  were  formed  and  more  satisfactory 
results  were  obtained.  When  the  amount  of  titanium  in  the  ore  did 
not  exceed  8  per  cent,  or  was  reduced  to  8  per  cent  by  admixing  other 

a  Hanington,  B.  J.,  Notes  on  the  iron  ores  of  Canada  and  their  derelopment:  Oeol.  Surrey  of  Canada, 
Rept.  for  1873-74,  pp.  249-251. 

b  Forbes,  David,  On  the  oomposition  and  metaUmsy  of  some  Norwegian  titaniferous  iron  one:  Cheni. 
News,  1868,  pp.  276-276* 
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ores,  no  difficulty  was  experienced  in  working  the  ore  cleanly  and 
profitably. 

An  attempt  made  by  the  Norwegian  Titanic  Iron  Co.  to  smelt 
highly  titaniferous  ores  at  Norton,  England,  met  with  failure  after 
a  few  years'  trial.  W.  M.  Bowron,  who  was  connected  with  the  com- 
pany as  chemist,  states'  that  "the  process,  regarded  as  a  process, 
was  a  perfect  success;  but  the  enormous  quantity  of  fuel  required, 
the  small  quantity  of  iron  in  the  ore,  and  the  cost  and  uncertainty 
of  importation  militated  seriously  against  its  conunercial  succc^." 
The  ores  used  by  the  company  were  composed  of  36.33  per  cent  Fe 
and  39.20  per  cent  TiO,.  Nearly  3  tons  of  charcoal  were  required  to 
produce  1  ton  of  iron.  The  smelting  of  such  an  ore  is  obviously  not 
a  fair  test  of  what  can  be  done  with  average  titaniferous  iron  ores. 
A  nontitaniferous  magnetite  carrying  such  a  low  percentage  of  iron 
would  not  be  used  in  a  blast  furnace  without  previous  concentration. 
The  results  are  important  in  that  they  show  the  possibility  of  smelt- 
ing even  the  highest  titanium-bearing  ores  successfully,  though  not 
economically,  in  the  blast  furnace. 

A  very  thorough  study  of  the  problem  has  been  made  in  this  coun- 
try by  Rossi.  In  1890  he  published  *  a  review  of  what  had  been 
accomplished  in  the  way  of  smelting  titaniferous  iron  ores  both  in 
this  country  and  abroad.  Rossi's  review,  however,  adds  no  essen- 
tial facts  to  what  has  already  been  said.  Three  years  later  he  pub- 
lished^ the  results  of  some  experiments  that  he  conducted.  His 
experiments,  made  along  the  lines  adopted  by  Forbes,  were  designed 
to  discover  easily  fusible  titanate  slags  of  low  viscosity.  He  first 
experimented  with  the  formation  of  compounds  that  could  be  easily 
fused  and  liquefied.  He  then  mixed  ore  charges  to  produce  slags  of 
such  composition  to  determine  whether  pig  iron  could  be  made  to 
separate  from  them.  The  results  of  these  experiments  are  given  in 
detail  in  the  paper  cited;  it  will  be  sufficient  to  state  here  that  he 
obtained  the  best  results  with  a  tribasic  slag,  in  which  the  bases  were 
lime,  magnesia,  and  alumina.  The  experiments  were  first  conducted 
in  a  small  furnace  without  forced  draft;  subsequently  a  small  blast 
furnace  was  erected.  The  latter  yielded  pig  iron  and  slags  that 
showed  good  fluidity  and  fusibility,  and  there  was  no  choking  of  the 
furnace  with  infusible  titanium  compounds.  The  ores  experimented 
on  ranged  from  18.70  to  20.03  per  cent  TiO,. 

In  1895  the  experiments  were  repeated  by  Rossi  ^  on  a  larger  scale 
in  a  furnace  with  a  daily  capacity  of  about  3  tons,  no  difficulties  being 
experienced  in  running  the  furnace.     These  experiments  showed  that 

a  Bownm,  W.  M.,  The  practical  metaUnrgy  oS  titaniferous  ores:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  11, 1883, 
pp.  lSO-164. 
^  Rossi,  A.  J.,  Titanium  in  blast  furnaces:  Jour.  Am.  Chem.  Soc.,  vol.  12, 1890,  pp.  90-117. 
e  Rossi,  A.  J.,  Titaniferous  ores  in  the  blast  furnace:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  21, 1893,  pp.  832-S61. 
4  RoBSi,  A.  J.,  The  smelting  of  titaniferous  ores:  Iron  Age,  1896,  toL,  1,  pp.  354-356,  464-409- 
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the  most  refractory  slags  could  be  melted  without  reducing  silica, 
and  hence  much  less  titanic  acid.  Under  the  conditions  of  the  ex- 
periments he  says  that  furnaces  can  not  be  troubled  with  titanium 
deposits.  "The  deposits  consist  of  cyano-nitride  of  titanium,  which 
supposes  for  its  formation  not  only  the  reduction  in  the  furnace  of 
titanic  acid  to  titanium  but  the  highest  temperature  and  other  condi- 
tions." He  further  says:  " It  may  be  argued  that  circumstances  may 
so  occur  in  the  running  of  a  blast  furnace  smelting  any  kind  of  non- 
tita^iferous  ores  that  would  lead  to*  an  obstruction  whose  removal 
would  require  forcing  the  heat  and  the  pressure  of  the  blast,  and  that 
these  circumstances  in  the  special  case  of  titaniferous  ores  would  be 
favorable  to  the  formation  of  titanium  deposits  by  the  reduction  of  the 
titanic  acid.''  His  reply  to  this  is  that  the  action  of  the  blast  furnace 
is  so  well  understood  and  in  such  competent  hands  at  the  present 
time  that  such  conditions  are  very  rare;  but  if  they  should  anse,  it 
would  be  easy  to  change  the  charge  to  nontitaniferous  ores  until  the 
obstruction  has  been  removed  and  the  furnace  brought  back  to 
normal  condition. 

In  order  to  become  familiar  with  the  behavior  of  his  furnace  under 
normal  charges,  it  was  first  run  for  a  time  on  Lake  Superior  ores; 
these  were  then  gradually  replaced  by  titaniferous  ores  and  the  flux 
changed  from  calcite  to  a  dolomite  carrying  12  to  14  per  cent  of 
magnesia.  The  titaniferous  ores  consisted  of  four-fifths  to  five-sixths 
Sanford  or  Millpond  ore  and  one-fifth  to  on&-sixth  Cheney  Pond  ore. 
Rossi's  account  of  the  results  is  given  below: 

In  order  to  judge  Uie  relative  economy  of  these  three  runs  under  as  nearly  as  possible 
simUar  conditions,  we  will  compare  the  amounts  of  fuel  and  stone  required  per  unit 
of  pig  metal  when  the  furnace  gave  the  greatest  production  in  each  case.  This  sup- 
poses, indeed,  for  the  kind  of  ores  or  mixtures  of  ores  considered,  the  most  favorable 
conditions  of  running  for  each.  By  making  precisely  the  same  ample  allowance  of 
time  in  each  case  for  stone  and  coke  before  each  maximum  cast  of  24  hours  as  charge- 
able to  that  cast,  we  found  the  figures  given  below: 

Results  of  RossVb  bkat-fumace  testa  of  different  ores,  based  on  unit  quantity  of  pig  iron 

when  greatest  production  was  obtained. 

RUN  NO.  1  WITH  NONTITANIFEROUS   REMATrrSB  FROM  LAKE   SUPERIOR. 

Stone,  unit  quantity  required 1. 15 

Coke,  unit  quantity  required 2. 15 

Fe  in  ores,  per  cent 62 

Maximum  cast  of  iron  in  24  hours,  pounds 4,600 

RUN  NO.  2  WnH  MIXTURE   OF  BEMATrfB   AND  TTfANIFEROUS  ORES. 

Stone,  unit  quantity  required L  19 

Coke,  unit  quantity  required 2.  20 

Fe  in  ores,  percent 56 

Maximum  cast  of  iron  in  24  hours,  pounds ,.,..  5,035 
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BUN  NO.  3  WITH  TrrANIFBmOUB  ORXB  ntOM  THB  ADIBONDACKB. 

Stone,  unit  quantity  required 0.  95 

Coke,  unit  quantity  required 1. 99 

Fe  in  ores,  percent 52 

TiO,  in  ores,  per  cent 20 

Maximum  cast  of  iron  in  24  hours,  pounds 6,735 

Hence,  to  say  the  least,  the  titaniferous  ores,  under  the  same  conditions  of  furnace 
running,  did  not  require  any  more  fuel  per  unit  of  pig  metal  than  excellent  non- 
titaniferoufl  ores.  Really  they  required  decidedly  less,  and  the  production  of  the 
furnace  was  increased  considerably. 

Summing  up  the  results  of  his  experiments,  Rossi  concludes: 

1.  As  anybody  who  may  desire  to  make  the  experiment  can  verify,  titanic  acid  can 
form  definite  compounds,  perfectly  fusible,  if  properly  fluxed,  containing  as  much  as 
35  to  40  to  50  per  cent  of  titanic  acid,  with  alumina,  lime,  and  magnesia  aa  bases,  and 
admisBible  as  slags  in  blast-furnace  work.  Laiger  percentages  still,  such  as  65  per 
cent,  can  enter  into  a  compound  and  it  remains  fusible.  The  objections  to  the  smelts 
ing  of  titaniferous  ores  on  account  of  the  refractory  character  of  the  slags  are  not  sus- 
tained by  our  practice  or  that  of  others,  or  by  direct  experiments  on  the  properties  of 
these  c<Mnx>ounds. 

2.  In  running  a  furnace  under  special  conditions  of  temperature  and  pressure  of 
blast  no  troubles  have  been  experienced  from  the  titanium  deposits.  We  never 
observed  any  in  our  blast-furnace  tests,  and  none  are  mentioned  by  Dr.  Forbes  in  his 
practice  in  England  and  Norway. 

3.  If  these  special  conditions  of  lower  heat,  considered  more  favorable  in  smelting 
these  ores,  are  held  to  imply  against  them  a  waste  of  fuel,  it  is  a  question  whether  this 
is  not  offset  by  the  smaller  amount  of  cinder  to  melt,  the  lesser  quantity  of  fluxes  neces- 
sary and  their  indirect  effect  upon  the  productive  capacity  of  the  furnace,  as  well  as 
the  greater  value  of  the  pig  metal  obtained  for  specific  and  numerous  applications. 
This  is  without  taking  into  account  the  possibility  of  not  submitting  to  it  by  a  rapid 
driving  and  forcing  the  production,  conditions  which,  to  judge  from  our  tests,  could 
be  easily  realized  with  these  ores. 

However  conclusive  Rossi's  experiments  may  appear,  no  attempts 
have  been  made  to  cany  them  out  on  a  commercial  scale;  and  the 
titaniferous  ores  remain  in  hopeless  disrepute  so  far  as  their  use  in 
the  ordinary  blast  furnace  is  concerned. 

SMBLTINO  IN  THE  BUECTRIC  FURNACE. 

Electric  smelting  of  iron  ores  is  still  in  its  infancy,  and  its  full 
possibilities  have  not  yet  been  demonstrated.  Where  conditions  are 
favorable  it  has  met  with  considerable  success.  Electric  smelting  is 
of  special  interest  in  this  connection  since  there  is  a  confident  feeling 
in  many  quarters  that  herein  lies  the  hope  of  the  utilization  of  the 
titaniferous  ores.  However,  our  knowledge  in  this  regard  has  not 
yet  reached  the  point  where  any  very  definite  conclusions  can  be 
drawn. 
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Elxperiments  in  the  electrical  reduction  of  titaniferous  iron  ores 
have  been  conducted  in  Canada.  About  seven  years  ago,  Haanel ' 
carried  out  a  series  of  experiments  for  the  Canadian  Govemment  at 
Sault  Ste.  Marie  in  the  smelting  of  Canadian  iron  ores  by  the  electro- 
thermic  process,  titaniferous  iron  ores  being  used  in  one  of  the  experi- 
ments. Unfortunately  this  run,  which  was  the  last  one  made,  was 
not  as  complete  as  the  others.  The  furnace  lining  was  in  very  bad 
condition,  but  as  the  time  for  making  the  experiments  had  nearly 
expired  it  could  not  be  repaired  and  the  run  had  to  be  stopped 
before  figures  as  to  output  had  been  obtained.  The  ore  used  con- 
tained 17.82  per  cent  TiO„  and  the  furnace  charge  consisted  of  400 
pounds  of  ore,  100  pounds  of  charcoal,  50  pounds  of  limestone,  and 
50  pounds  of  fluorspar.  The  slag  produced  w^as  very  fluid,  and  the 
statement  is  made  that  ''likely  the  fluorspar  in  the  charge  could  have 
been  reduced  considerably  or  omitted  altogether."'' 

Abstracts  from  an  article  on  this  subject,  recently  published  by 
Stansfield,^  who  has  experimented  along  these  lines,  are  quoted 
below: 

Although  the  possibility  of  the  electric  smelting  of  iron  ores  for  pig  iron  can  not 
be  definitely  settled  in  a  general  way,  there  appears  to  be  every  probability  that  a 
process  which  yields  steel  instead  of  pig  iron  would  be  commercially  possible  in 
favorable  localities.  Steel  could  be  made  by  smelting  titaniferous  iron  ores  in  an 
electric  furnace  with  a  somewhat  smaller 'amount  of  charcoal  than  would  be  needed 
for  making  pig  iron,  and  the  resulting  metal  could  be  transferred  in  the  molten  con- 
dition to  an  electrical  steel-refining  furnace,  where  it  could  be  made  into  finished 
steel.  The  cost  of  producing  the  crude  steel  from  the  ore  would  be  little  more  than 
that  of  producing  pig  iron,  and  the  cost  of  refining  the  steel  would  be  only  a  moderate 
addition  to  this,  while  the  price  obtainable  for  the  finished  product  would  be  decidedly 
higher  than  could  be  obtained  for  pig  iron. 

The  writer  has  been  associated  with  Mr.  J.  W.  Evans  in  the  development  of  a  process 
in  which  the  reduction  of  titaniferous  ores  to  metal  and  the  subsequent  refining  of 
the  steel  is  carried  out  in  a  single  furnace,  and  while  the  details  of  the  furnace  con- 
struction and  certain  parts  of  the  operation  have  not  yet  been  fully  worked  out  the 
results  have  been  so  encouraging  that  it  appears  to  be  worth  while  to  develop  the 
process  on  a  small  working  scale.  With  regard  to  the  results  so  far  obtained,  it  may 
be  stated  that  titaniferous  ores  obtained  from  the  Orton  mine  and  containing  about 
7  per  cent  of  titanium  have  been  smelted  directly  to  steel,  and  that  such  steel,  con- 
taining about  1  per  cent  of  carbon,  has  been  found  to  possess  unusually  good  quali- 
ties as  a  tool  steel.  The  cost  of  smelting  these  ores  and  refining  the  steel  can  be 
determined  fairly  accurately  from  the  figures  published  in  regard  to  the  electrical 
smelting  of  iron  ores  to  pig  iron  and  the  electrical  refining  of  molten  steel.  These 
figures  are  more  dependable  than  data  obtained  from  the  small-flcale  experiments 
that  have  so  far  been  made.    The  writer  intends,  however,  in  the  near  future  to 

a  Haanel,  Eugene,  Report  on  the  experiments  made  at  Sault  Ste.  Marie,  Ontario,  under  Government 
auspices  In  the  smelting  of  Canadian  Iron  ores  by  the  electrothermic  process:  Canada  Dept.  of  Mines.  Mines 
Branch.  1007,  pp.  8&-W. 

6  Haanel,  Eugene,  Preliminary  report  on  the  experiments  made  at  Sault  Ste.  Marie,  Ontario,  under  Qoy- 
emment  auspices  In  the  smelting  of  Canadian  Iron  ores  by  the  electrothermic  process:  Canada  Dept.  o. 
Mines,  Mines  Branch,  1906,  p.  19. 

e  Btaosfleld.  AUM.  Electric  smelting  of  titacUcrous  ores-  Can.  Min.  Jour.,  vol.  33,  1913,  pp.  44M49. 
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make  further  experiments  on  the  reduction  and  refining  of  the  steel  in  order  to  obtain 
direct  inforniation  as  to  the  cost  of  the  process. 

There  does  not  appear  to  be  any  definite  limit  as  regards  the  percentage  of  titanium 
in  ores  suitable  for  this  process,  but  the  cost  of  smelting  will,  of  course,  increase  with 
the  proportion  of  titanium,  both  on  account  of  the  cost  of  fluxing  it  and  on  account 
of  the  smaller  proportion  of  steel  obtained.  It  seems  probable,  therefore,  that  the 
process  will  be  applied  to  ores  that  do  not  contain  more  than  5  to  10  per  cent  of  tita- 
nium. Ores  somewhat  richer  than  this  in  titanium  may  be  concentrated  magneti- 
cally, so  as  to  obtain  a  product  which  shall  be  at  once  richer  in  iron  and  poorer  in 
titanium,  and  it  may  even  be  possible  in  some  cases  that  the  tailings  from  such  a 
concentration  process  may  be  sufficiently  rich  in  titanium  to  be  smelted  for  ferro- 
titanium.  Some  ores  containing  too  much  titanium  for  steel  making  are  not  amen- 
able to  magnetic  concentration,  and  these  may  be  smelted  with  suitable  admixture 
of  nontitaniferous  ores.  It  has  been  found  that  the  electric  furnace  is  more  suitable 
than  the  blast  furnace  for  the  treatment  of  pulverized  ores  and  that  magnetic  con- 
centrates can  be  smelted  alone  or  with  the  addition  of  a  moderate  proportion  of  coarser 
ore. 

The  use  of  titaniferous  ores  for  making  tool  steel  would  appear  to  be  very  advan- 
tageous commercially,  but  can  not  be  expected  to  provide  for  a  large  consumption 
of  these  ores,  and  it  is  of  interest  to  consider  whether  the  process  can  be  applied  to 
the  production  of  steel  on  a  larger  scale.  One  purpose  for  which  this  process  would 
appear  to  be  very  suitable  is  for  the  production  of  steel  castings.  A  good  deal  of 
difficulty  is  experienced  in  the  production  of  steel  castings  which  can  be  relied  upon 
as  being  entirely  sound,  and  ferrotitanium  is  used  in  some  cases  for  producing  sound- 
ness in  steel  castings.  It  seems  very  probable,  therefore,  that  steel  made  directly 
from  titaniferous  ores  will  be  particularly  suitable  for  the  production  of  steel  cast- 
ings, and  this  will  afford  a  larger  field  for  the  electric  smelting  of  these  ores.  With 
regard  to  the  use  of  this  process  on  a  still  larger  scale — ^for  the  production  of  steel  rails, 
for  example — ^the  writer  would  say  that  there  appears  ,to  be  no  definite  reason  why 
rails  should  not  be  made  by  this  process,  but  would  not  care  to  speak  definitely  with 
regard  to  this  until  the  process  has  been  in  operation  on  a  working  scale. 

At  least  there  has  been  opened  a  new  field  of  investigation,  in  which 
the  solution  of  the  problem  of  the  utilization  of  the  titaniferous  iron 
ores  may  be  found. 

ELIMINATION  OF  TITANIUM  BY  MAGNETIC  CONCENTRA- 
TION. 

The  fact  that  many  titaniferous  magnetites  are  granular  aggre- 
gates of  magnetite  and  ilmenite  is  quite  apparent  to  the  naked  eye  in 
many  of  the  coarser-grained  ores.  The  highly  lustrous  rougher 
surface  of  the  ilmenite  can  be  easily  distinguished  from  the  duller 
black  cleavage  faces  of  the  magnetite.  This  difference  is  brought 
out  more  plaii^Iy  if  the  specimen  is  immersed  for  a  time  in  concentrated 
hydrochloric  acid,  which  acts  on  the  magnetite  but  does  not  affect  the 
ilmenite.  The  magnetite  becomes  still  duller  and  pitted  as  a  result 
of  the  solvent  action  of  the  acid,  whereas  the  ilmenite  remains 
unchjanged.  The  relations  between  the  magnetite  and  the  ilmenite 
grains  are  brought  out  still  more  clearly  if  the  specimen  is  ground 
down  to  a  plane  surface,  polished,  and  treated  with  hydrochloric  acid. 
88409*^—31111.  64—13 2 
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The  polished  ilmenite  grains  retain  their  luster^  whereas  the  polished 
magnetite  loses  its  luster  and  assumes  a  dull  black.  Specimens  of 
ore  that  have  been  treated  in  this  way  are  shown  in  Plate  II,  5,  C, 
Z>,  £,  and  F  (p.  50),  Plate  VIII,  B  (p.  106),  and  Plate  IX,  B  (p.  110). 
Newland"  applied  this  treatment  to  some  of  the  Adirondack  ores. 
Commenting  on  the  results  obtained,  he  says: 

In  the  epecimens  that  have  been  examined  the  magnetite  and  ihnenite  are  dis- 
tinguishable without  difficulty.  There  is  a  clear  separation  of  the  particles  and  no 
notable  tendency  toward  intergrowth  or  inclusion  on  the  part  of  either.  The  bound- 
aries are  sharp.  Both  minerals  belong  to  the  same  order  of  crystallization,  though  the 
ilmenite  seems  to  have  begun  to  form  somewhat  earlier  than  the  magnetite.  The  latter 
being  commonly  in  excess  constitutes  the  groundmass  through  which  the  ilmenite 
is  more  or  less  regularly  distributed  in  grains  of  &irly  even  size. 

A  great  many  of  the  bright  ilmenite  grains  have  been  isolated  and 
tested  with  a  magnet,  and  in  every  case  were  found  to  be  practically 
nonmagnetic.  Dull  grains  of  magnetite  similarly  tested  have  in 
every  case  been  found  to  be  highly  magnetic.  Further  the  sj)ecimens 
mentioned  above  bear  out  Newland's  statement  that  there  is  "no 
notable  tendency  toward  intergrowth  or  inclusion  on  the  part  of 
either.''  Although  there  are  numerous  small  grains  of  ilmenite 
scattered  over  the  surface  of  the  magnetite,  they  form  an  insignificant 
part  of  the  total  visible  ilmenite;  and  nearly  all  of  the  ilmenite  grains 
in  the  coarse  granular  ores  are  of  sufficient  size  to  be  separated  from 
the  magnetite  by  crushing  to  a  size  allowable  in  actual  commercial 
operations.  If  all  of  the  titanium  in  titaniferous  magnetites  were 
contained  in  these  ilmenite  grains,  magnetic  concentration  ought  to 
give  concentrates  practically  free  from  titanium.  Some  results  that 
have  actually  been  obtained  in  attempting  to  make  a  magnetic  separa- 
tion of  the  titanium  are  presented  below: 

RESULTS    OF    MAGNETIC- SEPARATION     EXPERIMENTS. 

The  results  of  magnetic  separations  of  foreign  titaniferous  mag- 
netites are  tabulated  first;  these  are  followed  bv  a  tabulation  of  the 
results  of  separations  of  ores  from  the  United  States.  The  latter 
results  are  also  discussed  subsequently.  Pope*  made  three  tests  of 
ores  from  eastern  Ontario.  The  experiments  were  made  with  a 
Wetherell  magnetic  concentrator  at  Newark,  N.  J.  The  ore  was 
crushed  so  that  it  would  pass  through  a  40-mesh  screen  but  not 
through  a  60-mesh  screen. 

No  separation  of  Eagle  Lake  ore  was  possible.  As  soon  as  the 
current  was  strong  enough  to  pick  up  a  single  particle  all  were  picked 
up.     This  ore  analyzed  64.68  per  cent  Fe  and  6.41  per  cent  TiO,. 

a  Newland,  D.  H.,  Geology  of  the  Adirondack  magnetic  iron  ores:  N.  Y.  State  Mus.  Bull.  U9, 1906, 
pp.  I J 1-152. 

ft  Pope,  F.  J.,  Investigatkm  of  magnetic  iron  ores  from  eastern  Ontario:  Trans.  Am.  Inst.  Min.  Rng.,  vol. 
29,  1899,  pp.  372-^06. 
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The  results  with  Pine  Lake  ore  are  tabulated  below; 

RuuUs  o/moffneHc  ameentration  of  Pine  Lake  ore. 


Ore. 


CcuTent. 


Isingle  dry  cell. 


Weight 


{ 


Qmnu. 
380 
272 


Fe. 


Percent. 
43.38 
56.45 


TiOi. 


Percent. 
13.52 
18.10 


The  result  of  the  concentration  was  to  increase  the  metallic  iron  by 
ten  thirty-thirds  and  the  titanic  oxide  by  eleven  thirty-thirds. 
The  results  with  ChaflFey  ore  were  as  follows: 

Reej^  ofmagnetie  eoneentration  of  Chaffey  ore. 


Ore... 
Heads 
Tails.. 


CurreDt. 


lo.25. 


Amperee. 


Weight. 


i 


Onm$. 

720 

640 

73 


Fe. 


Percent. 
53.0 
56.1 
27.0 


TlOf. 


Percent. 
7.4 
6.0 
29.9 


Here  the  iron  was  increased  6  per  cent  and  the  titanium  reduced 
32  per  cent  by  the  concentration. 

The  results  of  many  magnetic  concentrations,  principally  of  Nor- 
wegian ores,  have  been  tabulated  by  Vogt,*  as  shown  below: 

Results  ofTnagneiic  concentration  of  titaniferotu  iron  ores  from  Heindalen. 


Test  designatioii. 

Composition 
of  ore. 

Yield  of  con- 
centrate. 

ComiMsition 
of  oonoentrate. 

b. *. 

Percent. 

(7.08  TlOi. 

44.66  Fe 

0.05  8 

Percent. 
49.02 

86.46 
23.98 

Per  cent. 
fl.49  TiO^ 
68.51  Fe. 
0.007  S. 

5« 

0.013  P 

6.20  TiOv 

35.85  Fe 

0.023P 

4.00  TiOi 

27.65  Fe 

0.042P 

0.006  P. 
1.30  TiOi. 
67.73  Fe, 

c«.... 

0.004  P. 
0.72  TiOj. 
60.90  Fe. 

0.003  P. 

•Vogt,  J.  H.  L.,  Norges  Jemmalmforekomster:  Norges  Oeologiske  Underaokelse  51,  1910,  pp.  31-34. 
A  German  review  by  Vogt  is  contained  in  the  Zeltschr.  j^rtki.  Oeol.,  1910,  pp.  62-61 
b  Represents  a  lar^-ecale  test  made  by  a  company  in  Stockholm. 
•Bepresents  laboratory  test  made  by  Prof.  Henry  Louis. 
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Results  ofrnagnetic-^xmeentratiion  tuU  by  Farup, 


A. 
B. 


Ci. 

C3. 
C3. 

C4. 

C6. 


Dl. 


D2. 


D3. 


O. 


II. 

13. 
K. 
L. 


Test  dflslgnstioii. 


Co 


nnxMit 
of  we. 


tion 


{i 


Per  cent 
r7.16TIO«... 

\35.07Fe 

re.48T10«... 
\43.61Fe 

4.32  TiOi... 

21.33  Fe 

6.«0  TiOt- . . 

6.30  TiOi... 
7.21  TlOi.... 

«.81  TlOi. . . 

f9.03  TiOi. . . 

49.3  Fo 

•.818 

0.017  P 

8.21  TiOi. . . 

46.44  Fe 

1.028 

0.014  P 

7.80  TiOi... 

61.20  Fe 

/5.48TiOt... 

\62.0Fe 

/32.9T10I... 

145  Fe« 

a6.04  TlOs. . 

60Fe« 

ri3.56  TiOa. . 

40Fe« 

ri3.40TiO|... 


160  Fe  • 
/10.87  Tj 
V50Fe« 


TlOi. 


14.10  TiOi. . . 
[7.78  TlOi. . . . 
.52  Fe 

TiOt... 

Fe 


Effects  of  cnubing  ore 
tol  mm. 


Ylddof 

OODr 

oentrate. 


} 


} 


60.60 
64.10 

76.10 

60.60 

60.03 

00.00 

24.39 

50.17 

65.36 

81.97 

71.04 
77.52 
76.92 

71.43 


Composition 

of 
conoentrate. 


Percent. 


3.97  TiOi. . 
2.65  TiOfl. . 

4.23  TiOit. 

3.33  TiOs.. 


/5.00TiOs. 
\62.24Fe.. 


/4.09TiOi... 
\61.38Fe.... 
/2.39  TiOi. . . 
\68.17Fe.... 
/4.27TiOi... 
\63.66  Fe 


/lO.Ol  TiOi. 
\47.34Fe... 


14.52  TlOi. . . 
/8.02  TiOi- . . . 
153.72  Fe 

12.98  TiOt. . . 


Effects  of  crushing  ore 
to  0.1  nun. 


Tleldof 

oon- 
oentrftte. 


Percent. 

34.97 

60.00 


68.29 


50.25 


} 


41.67 
67.57 
65.79 


Composition 

of 
concentrate. 


Pa  cent. 
0.40  TlOt. 
60.60  Fe. 
0.96  TiOt. 
68.40  Fe. 
1.03  TiOa. 
66.34  Fe. 
1.22  TiOa. 

.16  TiOi. 
67.50  Fe. 
1.47  TlOi. 
67.4  Fe. 
1.53  TiOi. 
l65.68  Fe. 


ft 
{I 


/1.34  TiOa. 
\68.82  Fe. 


(1.20  TiOt. 
68.70  Fe. 
0.45  8. 
0.006  P. 
2.35  TiOt. 
64.50  Fe. 
.60  TiOt. 
tt.66  Fe. 
1.75  TiOt. 
,68.1  Fe. 
2.87  TlOt. 
l68.60  Fe. 
f4.81  TiOt. 
16O.99  Fe. 
6.26  TlOt. 
[50.07  Fe. 
6.53  TlOi. 
[55.16  Fe. 
9.18  TiOt. 
/7.9  TiOt. 
\67.2  Fe. 


62.80     10.80  TiOt. 


•  Approximate. 

■ 

Tests  A,  B,  C,  etc.,  Fepresent  ores  from  diflPerent  deposits;  Cl,  C2, 
C3,  etc.,  represent  ores  from  different  places  in  the  same  deposit. 
A,  B,  and  C  represent  ores  from  Heindalen,  D  from  Rddsand,  F  from 
Laxedal  in  the  Ekersmid-Soggendal  district,  G  from  Solnor,  and  I 
from  lied.     The  sources  of  the  others  are  not  given. 

Commenting  on  the  results  of  these  tests,  Vogt  says  that  ''the  so- 
called  titanomagnetite  in  these  tests  consists  of  a  mechanical  mix- 
ture of  magnetite  and  ilmenite.  Whether  the  magnetite  contains  a 
small  amoimt  of  TiO,  in  chemical  combination  is  an  open  question. 
It  is  not  probable,  however,  as  the  investigations  show  that  the  finer 
the  crushing,  the  greater  the  quantity  of  titanic  acid  removed."  In 
the  cases  of  tests  G,  H,  and  I  he  regards  the  intergrowth  to  have 
been  somewhat  finer  than  in  tests  A;  B,  C,  and  D;  and  in  K,  L,  and  M 
he  considers  that  much  of  the  intergrowth  was  of  microscopic  size. 
Whether  at  the  time  of  the  solidification  of  the  magmas  primary 


THE  UTILIZATION  OF  TITANIFSB0TJ8  IKOK  0BE8. 


21 


magnetite  and  primary  ilmenite  crystallized,  or  whether  at  that  time 
a  magnetite  formed  that  at  high  temperature  contained  ilmenite  in 
solid  solution,  the  ilmenite  subsequently  segregating  at  lower  tem- 
peratures, he  says  can  not  yet  be  decided. 

In  addition  to  the  above  tests,  Vogt  gives  the  results  of  several 
tests  made  on  magnetic  sands.  The  results  of  one  of  these  are 
presented  below: 

Rendu  of  magnetiC'Concentration  tests  of  magnetic  sand  from  Lofoten  Islands^  Norway. 


(Sise  of  aand  gnina— 73.3  per  oent  leas  than  one-quarter  mm.  but  greater  than  one-sixth  mm.;  36.7  per  cent 

less  than  one-eUth  mm.] 

Amount 

Condition  of  sand. 

Determined  constituents  of 
sand. 

Not  crushed. 

Crushed  to  less 
than  ^nun. 

Powdered. 

ConceU' 
trate. 

Tailings. 

Concen- 
trate. 

Tailings. 

Concen- 
trate. 

Tailings. 

TiOt. 

Percent. 

13.30 

56.55 

.06 

.007 

3.53 

Percent. 
5.03 
67.70 
.045 
.003 
.85 

Percent. 
36.90 
43.56 

Percent. 

3.14 

69.34 

.036 

.003 

.350 

Percent. 
36.7 
43.59 

Percent. 
3.5 
70.33 

Fe        

p          

s 

SiO«           

Percentage  of  whole 

53.8 

46.3 

50.5 

49.6 

47.7 

63.3 

The  tests  were  made  by  a  company  in  Stockholm,  Sweden,  as  were 
also  the  first  two  in  the  table  following.  The  third  was  made  under 
the  direction  of  Prof.  Vogt  with  a  Grdndal  separator  No.  5.  Con- 
centrate 1  was  made  without  crushing  the  sand.  This  concentrate 
was  then  crushed  to  one-sixth  nmi.  and  a  second  separation  made 
from  it. 

RemUs  of  magnetic-concentration  tests  of  sands  from  lower  St.  Lawrence^  Canada. 


Quality  of  sand. 


Lesn 
Rich 


Composition 
of  sand. 


Amount 
of  concen- 
trate! 
obtained. 


/a.7TlOt.. 
V8.6Fe... 
/18.6  TlOi. 
\54.8Fe... 
f7.9  TiOi. . 
\29.4Fe... 


i 

} 


Percent. 
10.9 


43.3 
36.5 


Composition 
of  concen- 
trate 1. 


{; 


4.4  TlOi 
65.6  Fe. 
2.3  TiOi 
60.6  Fe. 
3.9  TiOt 
66.3  Fe. 


Amount 

of  concen* 

trate  3 

obtained 

from  1. 


Percent. 
89.4 

96.6 

95 


Composition 
of  concen- 
trate 3. 


3.9  TiOi 
,69.8  Fe. 
1.5  TiOi 
70,5  Fe. 
p.O  TlOi 
\6B.6  Fe. 


Compo- 
sition of 
tailings  3. 


The  results  of  magnetic  concentrations  of  titaniferous  iron  ores  of 
the  United  States  are  presented  below.  They  are  a  tabulated  sum- 
mary of  the  results  discussed  in  a  subsequent  section  of  this  report. 
The  first  table  gives  the  results  of  tests  previously  made  and  the 
second  of  tests  made  by  the  author  in  the  course  of  this  investigation. 
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In  the  author's  tests  small  samples  of  ore  were  crushed  in  a  diamond 
mortar  to  pass  through  a  SO-mesh  screen  having  an  opening  of  0.3  mm. 
The  crushed  material  was  sorted  into  two  sizes  with  a  100-mesh 
screen  having  an  opening  of  0.15  mm.  Each  size  was  then  subjected 
to  magnetic  separation  under  water  with  a  hand  magnet.  The 
resulting  concentrates  and  tailings  were  analyzed  for  Fe  and  Ti  by 
A.  C.  Fieldner,  of  the  Bureau  of  Mines.  The  composition  of  the 
original  ore  was  calculated  from  the  ratio  of  concentrates  to  tailings. 

lUsulU  of  magrutic  8epar(Ui(ms  previously  made. 


• 

Source  of  ore. 

Size  of 

9CTWn 

passed 
tbrough. 

Determined  con- 
Btituents  of  ore. 

Determined  constit* 
uenta  of  oonoentrate. 

Determined  oonstit^ 
uenta  of  tailings. 

TlOt. 

Fe. 

TiOi. 

• 
Fe. 

TlOt. 

Fe. 

fiiLnCnrd .  N.  Y 

Percent. 

Percent. 

Percent. 
4.00 
8.03 
9.66 
5.25 
»5.00 
11.00 
1.27 

Etrcent. 
62.66 
60.43 
60.60 
63.00 
fr65.02 
61.04 
67.60 

Percent. 
47.50 
45.23 
32.22 

Percent. 
38.86 

Do.'. 

40>ineBh... 

14.0 

60.58 

45.78 

Do 

42.84 

Dojb         

1IUmM0i., , 

Do       . 

40>me8h... 

Do 

Tuflcarofft.  N,  C ..... . 

15.35 

41.05 

16.20 

21.63 

a  From  concentrate  of  ore  mentioned  Just  above.  b  Average  of  two  analyses. 

Results  of  magnetic  separations  made  by  the  author. 


Determined 

constituents 

of  ore. 

Effect  of  crushing  ore  to  0.3  mm. 

«i 

Effect  of  crushing 
ore  to  0.15  mm. 

Soorceofore. 

Yield 
of 

con- 
cen- 
trate. 

Determined 
constituents 

of 
concentrate. 

Determined 

constituents 

of  tailings. 

Yield 
of 

con- 
cen- 
trate. 

Determined 
constituents 

of 
oonoentrate. 

TiOt. 

Fe. 

TiOi. 

Fe. 

TlOi. 

Fe. 

TiOi. 

Fe. 

Lincoln  Pond.N.  Y 

P.et. 

5.88 
19.02 
18.02 
12.82 
24.30 
21.75 
19.47 
21.85 
21.08 
10.98 
14.50 

P.ct. 
64.66 
55.07 
54,47 
58.07 
53.30 
52.31 
54.48 
51.93 
51.50 
52.98 
51.96 

P.et. 
96.0 
78.2 
83.2 
71.5 
93.3 
84.2 
77.7 
87.3 
84.7 
84.1 
86.0 

P.et. 

4.82 
11.15 
13.18 

4.25 
23.15 
18.30 
12.58 
20.03 
17.85 
17.22 
13.50 

P.d. 
66.06 
61.23 
58.89 
67.76 
54.93 
56.75 
60.76 
55.36 
55.05 
56.93 
56.93 

P.et. 
31.45 
47.20 
43.03 
34.32 
40.37 
40.12 
43.47 
34.33 
38.93 
34.58 
20.97 

P.et. 
30.50 
32.99 
32.74 
33.76 
30.59 
28.74 
32.61 
28.43 
31.83 
31.96 
21.42 

P.et. 
95.6 
75.9 
85.3 
70.1 
92.0 
83.6 
76.0 
86.5 
82.2 
78.6 
80.4 

P.et. 

5.12 
10.47 
12.28 

3.64 
23.58 
17.25 
10.32 
30.03 
17.85 
16.72 
13.10 

P.et. 
66.27 

Sanford.N.  Y. 

61.23 

MiilDond.  N.  Y 

59.17 

Tuflcarora.  N.  C --, 

68.41 

Iron  Lake.  Minn , .  ^  -  ^ . .  ^ 

54.13 

Iron  Mountain.  Wvo 

56.75 

Do 

61.97 

Do 

55.44 

Rhanton  Ranch.  Wvo 

55.63 

Do 

57.30 

Iron  Mountain,  Colo 

57.77 

The  table  following  is  compiled  from  the  two  preceding  tables. 
It  gives  the  amount  of  titanium  per  unit  of  iron  in  the  ore  and  in  the 
concentrates,  and  where  known  the  size  to  which  the  ore  had  been 
crushed.  From  these  ratios  the  percentage  reduction  of  titanium 
per  unit  of  iron  is  calculated.  It  is  recognized  that  the  results  of  such 
a  calculation  are  not  strictly  comparable.  The  percentage  of  iron 
^ven  by  analysis  is  the  total  iron  content.  Some  of  this  iron  is 
present  in  the  iron-bearing  minerals  of  the  gangue,  and  Ls  not  asso- 
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ciated  with  the  titanium,  and  these  minerals  are  practically  removed 
from  the  concentrates.  The  ratio  of  titanium  to  iron  in  the  concen- 
trates is  therefore  the  ratio  of  the  titanium  to  the  iron  with  which 
it  is  actually  associated,  whereas  the  ratio  of  titanium  to  iron  in 
the  ore  is  the  ratio  of  the  titanium  to  the  iron  with  which  it  is  asso- 
ciated plus  the  iron  contained  in  the  gangue  minerals.  The  iron 
contained  in  the  gangue  is  removed  in  the  magnetic  concentration  of 
ordinary  magnetic  ores,  and  this  process  does  not  bear  on  the  problem 
of  eliminating  titanium  from  titaniferous  magnetite.  The  presence 
of  iron  in  the  gangue  lowers  the  cialculated  ratio  of  titanium  to  iron 
in  the  ore,  and  hence  the  calculated  percentage  of  titanium  removed 
per  unit  of  iron  is  less  than  is  actually  the  case.  The  leaner  the  ore 
the  greater  the  discrepancy.  For  this  reason,  the  percentage  of  iron 
present  in  the  crude  ore  is  included  in  the  table. 

Summary  of  results  of  magnetic  separalians. 
FOREIGN  ORES. 


Ore. 

CoDoentrate. 

Source  of  ore. 

Fe. 

Tiper 
unit  Fe. 

Maxi- 
mum size 
of  grain. 

Tiper 
unit  Fe. 

Reduc- 
tion of 
Tiper 
unit  Fe. 

Eaf^e  Lake 

Percent. 
64.68 
43.38 
53.0 
44.66 
35.85 
27.65 
35.07 
42.61 
21.33 
49.3 
46.44 
51.20 
62.0 

a  45 

a  50 

040 

a50 

a50 
49.52 
56.55 
18.6 
54.8 
29.4 

Per  cent. 
0.0595 
.1870 
.08.38 
.0951 
.1038 
.1063 
.1223 
.1194 
.1215 
.1099 
.1061 
.0914 
.0530 
.4387 
.1805 
.2032 
.  1619 
.1304 
.0943 
.1401 
.2161 
.2036 
.1612 

Mm. 
ao.3 
a. 3 
a. 3 

Per  cent. 
0.0)95 
.  1924 
.0537 
.0130 
.0115 
.0062 
.0035 
.0OS4 
.0093 
.OlOi 
.0105 
.0218 
.013»i 
.0154 
.0207 
.0473 
.0636 
.0710 
.0-129 
.  0272 
.0249 
.012S 
.0172 

Percent. 
0 

Pine  Lake  

tz 

n»alley ...     • 

36 

Heindal^f n  a --.  - . - 

86 

Heindalen  b 

89 

Heindalen  c 

94 

Heiiidalen  A 

.2 
.2 
.2 
.2 

97 

He iTidali>n  B 

93 

Reindaien  CI 

92 

RSdaand  Dl 

90 

R6dsand  D2 

90 

Ti<kl«ind  r>3 . 

76 

E 

74 

I  axedal  F 

96 

G 

89 

HI      

77 

11 ' 

61 

12 

46 

L 

12 

Lofoten 

81 

Si.  Lawrence  (It^n ) 

89 

St.  I^wrence  (rich) 

94 

St .  Lavrftnoe r . . 

89 

UNITED  STATES  ORES. 


Sanford 

Tu8c»rara 

Lincoln  Pood 

Sanford 

Mmpond 

TuKarwa 

Iron  Lake 

Iron  Mountain,  Wyo. 

Do 

Do 

fibanton 

Do 

Inn  Mountain,  Colo. 


60.58 

0. 1388 

aO.3 

0.0886 

41.95 
64.66 

.2195 
.0546 

.0113 
.0464 

.is 

55.07 

.2072 

.15 

.1026 

54.47 

.2005 

.15 

.1245 

58.07 

.1324 

.15 

.0319 

53.30 

.2735 

.15 

.2614 

52.31 

.2495 

.15 

.1824 

54.48 

.2144 

.15 

.0999 

51.93 

.2544 

.15 

.2168 

51.50 

.2456 

.15 

.1925 

52.98 

.22fXi 

.15 

.1750 

51.96 

.1674 

.15 

.1361 

36 
95 
15 
50 
38 
76 
5 
27 
53 
15 
22 
23 
18 


o  Approximate. 


b  Increase. 
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The  results  of  magnetic  conceatrations  just  cited  show  that  the 
relations  between  the  iron*and  the  titanium  in  the  titaniferous  mag- 
netites are  not  as  simple  as  a  megascopic  examination  of  the  ores 
would  indicate.  It  is  evident  that  a  large  part  of  the  titanium  is 
contained  in  the  magnetite  itself.  The  variation  in  the  degree  of 
separation  obtained  in  the  different  cases  shows  further  that  the 
percentage  of  ilmenite  in  separable  form  and  that  present  in  insep- 
arable form  is  not  constant,  but  varies  over  a  wide  range.  The  only 
advantage  to  be  derived  from  magnetic  concentration  of  these  ores, 
in  so  far  as  the  titanium  is  concerned,  is  that  in  some  cases  the  per- 
centage of  titanium  can  be  brought  low  enough  to  make  practicable 
the  mixing  of  the  concentrates  with  two,  three,  or  four  parts  of  non- 
titaniferous  ores,  whereby  the  titanium  content  would  be  made 
negligible. 

MICROSTRUCTURE  OF  TITANIFEROUS  MAGNETITE. 
PREVIOUS  INVESTIGATIONS. 

It  has  been  shown  that  in  most  titaniferous  magnetites  that  have 
been  subjected  to  magnetic  concentration  a  large  percentage  of  the 
titanium  occurs  in  the  magnetite  in  a  form  not  separable  from  the 
magnetite  by  that  process  and  not  visible  to  the  naked  eye.  That 
seemingly  homogeneous  magnetite  crystals  can  contain  a  high  percent- 
age of  titanium  has  been  recognized  for  many  years,  and  the  manner 
in  which  it  occurs  in  the  magnetite  has  been  the  subject  of  consider- 
able speculation.  Fifty  years  ago  Knop  **  analyzed  some  magnetite 
octahedra  from  Meiches  in  the  Vogelsberg,  and  found  24.95  per  cent 
of  TiOjj  and  Kemp  *  says  that  O.  A.  Derby  has  mentioned  to  him  the 
occurrence  of  natural  loadstone  in  Brazil  with  20  per  cent  of  TiO,. 
A  sample  of  seemingly  pure  magnetite  picked  from  a  specimen  of 
Lake  Sanford  ore  contained  11  per  cent  of  TiO,.* 

In  1858  Rammelsberg^  expressed  the  view  that  the  titanium- 
bearing  magnetites  consist  of  mixtures  of  titanium-free  octahedral 
magnetite  and  rhombohedral  ilmenite.  Since  that  time  a  number  of 
workers  have  recognized  microscopic  intergrowths  of  magnetite  in 
ilmenite. 

Though  the  intergrowths  of  ilmenite  and  magnetite  are  far  more 
common,  intergrowths  of  rutile  and  magnetite  were  discovered  about 
the  same  time.  Thus  in  1877  Seligmann*  described  regular  inter- 
growths of  rutile  in  magnetite  crystals  from  the  Alp  Lercheltiny  in 

a  Knop,  A.,  Ueber  tiUmsaiire— haltigen  MagneteiaenBteln:  Lieblg'i  Ann.  chem.  pharm.,  toI.  123, 1862, 
p.  352. 

h  Kemp,  J. F., The  titaniferoua  iron  ores  of  the  Adirondacks:  U.S. Geol. Survey  19th  Ann.  Rept.,  pt.  3, 
1809,  p.  386. 

e  See  p.  76. 

d  RammelsberR,  C,  Ueber  die  ZuaammuaMtzung  dee  Titaneisens,  sowie  der  rhomboSdriach  und  oklad- 
driech  Krystallbirten  EiaenoxydA  flberhaupt:  Poitg.  Ann.,  vol.  104, 1858,  pp.  497-552. 

4  Seligmanu,  Q.,  Mineraloglsche  Notizen:  Qroth  Zeitachr.  fOr  Kryit.  und  Hin.,  vol.  1, 1877,  pp.  340-342. 
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Binnenthal,  Switzerland.  About  the  time  that  the  microscopic  inter- 
growths  of  magnetite  in  ihnenite  were  first  discovered  Cathrein^ 
described  a  regular  microscopic  intergrowth  of  rutile  in  magnetite 
analogous  to  the  macroscopic  intergrowth  described  by  Seligmann. 
He  found  that  on  dissolving  the  magnetite  in  hydrochloric  acid  there 
was  left  behind  an  aggregate  of  minute  rutile  microlites  arranged 
parallel  to  the  three  edges  of  an  octahedral  face  and  intersecting  each 
other  at  an  angle  of  60^.  The  magnetite  itself  appeared  black  and 
opaque,  wholly  homogeneous,  and  even  great  magnification  failed  to 
reveal  the  intergrown  rutile. 

Neef,^  describing  a  diabase,  says: 

Accessory  constituents  are  pyrite  and  a  black  ore  showing  on  the  sur&ce  of  the 
section  distinct  systems  of.  lines  cutting  each  other  at  acute  angles  which  seem  to 
indicate  inteigrowths  of  ilmonite  lamelle.  On  etching  the  section  with  hot  hydro- 
chloric acid  the  ore  readily  dissolved,  leaving  behind  an  undecomposed  latticework 
skeleton  of  ilmenite.  Is  this  perhaps  an  intergrowth  of  specularite  or  magnetite  with 
ilmenite  lamellse  cutting  each  otlicr  at  acute  angles? 

The  same  observation  was  made  by  Kflch*  a  few  years  later  in 
studying  some  West  African  rocks.  He  says  in  the  description  of  a 
plagioclase-olivine-augite  rock: 

On  treating  a  thin  section  with  hydrochloric  acid  the  magnetite  goes  into  solution. 
There  remains  behind,  however,  a  latticework  skeleton  formed  of  laths  which  must 
be  ilmenite,  and  which  as  such  are  lacking  in  the  unetched  section.  This  relation 
seems  to  point  to  intergrowths  of  ilmenite  and  magnetite,  the  latter  bemg  diesolved 
through  the  treatment  with  acid,  so  that  only  the  ilmenite  lamellse  remain.  The 
same  phenomenon  has  already  been  observed  by  Neef  in  a  Swedish  diabase. 

About  the  same  time  a  similar  conclusion  was  reached  by  Teall  ^ 
from  a  somewhat  diflferent  consideration.  His  article  was  read  in 
June,  1884,  but  refers  to  the  one  by  KUch  just  quoted.  Ho  found  an 
opaque  iron  oxide  which  carried  considerable  TiO,  and  was  yet 
attracted  by  a  weak  bar  maghet.  The  analysis  and  the  physical 
properties  of  the  substance,  he  believed,  agree<l  with  the  assumption 
of  a  mixture  of  magnetite  and  ilmenite.  To  corroborate  such  .an 
assumption  he  refers  to  the  work  previously  cited,  and  to  the  fact 
that  in  the  whin  sill  the  substance  alters  into  leucoxene  along  two 
sets  of  parallel  planes.  He  concludes,  therefore,  that  an  intergrowth 
of  magnetite  and  ilmenite  actually  exists. 

The  first  mention  of  a  microscopic  intergrowth  of  magnetite  and 
ilmenite  was  made  by  Becke*  in  1886.     He  found  that  spheres  of 

•  Cathrain,  A.,  Ueber  die  mikroskoplKhe  Verwachning  von  llagneteinn  mit  Titanlt  iind  Rutfl:  Oroth 
Z«it«cbr.  fOr  Kryit.  and  Hln.,  vol.  8, 1884,  pp.  321-339. 

^Neef,  M.,  Ueber  aeltenere  kryitaUlnische  Diluvialgeechiebe  der  Mark:  Zeitachr.  Deutach.  geol.  Qesell., 
vol.  34, 1882,  p.  470. 

e  Kfkh,  R.,  Beitrag  nir  Petrograpbie  dee  weetafrteanieeben  acbiefergebirgee:  Tachermak'i  Min.  Pet. 
Mitt.,  vol.  6, 1885,  p.  139. 

•  TeaU,  J.  J.  H.,  On  the  chemical  and  microscopic  characters  of  the  whin  sill:  Quar.  Jour.  Oeol.  Sot;,  of 
London,  vol.  40.  1884.  p.  (^7. 

•  Becke.  F  ,  Aetzversucbe  an  Mineralen  der  Magnetitgruppe:  Tschermak's  Min.  Pet.  Mitt.,  vol.  7,  1886, 
pp.  232-233 
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magnetite  produced  from  octahedra  from  Pfitsch,  Tyrol,  Austria, 
were  not  homogeneous,  but  filled  with  tablets  of  ilmenite  which  were 
intercalated  in  the  magnetite  parallel  to  the  octahedral  faces.  A 
year  later  Cathrein'  described  the  same  phenomenon  more  fully  in 
the  case  of  magnetite  crystals  fro^  the  Zillerthal,  Tyrol,  Austria. 
He  found  scattered  over  the  octahedral  faces  of  the  magnetite  small 
laths,  1  to  2  mm.  long  and  0.5  mm.  wide,  which  on  closer  examination 
proved  to  be  the  edges  of  black  metallic  tablets.  Chemical  investiga- 
tion showed  that  the  magnetite  itself  was  wholly  free  from  titanium 
and  that  the  tabular  inclusions  were  ilmenite.  A  study  of  the  orienta- 
tion of  the  tabular  crystals  of  ilmenite  within  the  magnetite  showed 
that  the  basal  plane  of  the  ilmenite  lay  parallel  to  the  octahedral  face 
of  the  magnetite;  that  is,  the  position  assumed  was  that  in  which  simi- 
lar axes  of  symmetry  lay  parallel. 

In  1892,  Rosenbusch^  stated  that  Latermann  communicated  to 
him  the  finding  of  ilmenite  intergrowths  in  the  magnetite  of  the  nephe- 
line  basalt  of  the  Katzenbuckel,  near  Heidelberg,  Germany.  If  the 
magnetite  in  the  thin  section  were  dissolved*  in  hydrochloric  acid, 
there  remained  a  network  of  ilmenite  lameU»  which  in  sections  paral- 
lel to  the  faces  of  (111)  cut  each  other  at  an  angle  of  60^  and  in  sec- 
tions parallel  to  the  faces  of  (001)  at  QO*". 

Adams  *  observed  two  distinct  iron  ores  in  the  ore  particles  of  the 
anorthositeof  the  Morin  district,  in  Canada,  on  examining  thin  sections 
in  reflected  light.  One  specimen  he  describes  as  having  a  streaked 
appearance,  due  to  the  fact  that  one  mineral  cut  the  other  in  a  simple 
or  double  group  of  broken  laths.  On  treating  the  microscope  slide 
with  hydrochloric  acid  the  one  mineral  dissolved,  but  the  laths 
remained,  showing  an  intergrowth  of  magnetite  with  ilmenite,  or  at 
least,  he  says,  with  a  titaniferous  iron  ore. 

In  an  augite  mica  diorite  from  the  island  of  Cabo  Frio,  Rosen- 
busch*  found  particles  of  titaniferous  magnetite,  which  on  treatment 
with  hydrochloric  acid  left  behind  a  network  of  brownish  specular 
ilm'enite. 

Lacroix^  ascribes  the  titanium  content  of  titaniferous  magnetite 
both  to  intergrowths  of  ilmenite  and  magnetite  and  to  the  presence 
of  titanomagnetite.  In  intergrowths  of  ilmenite  and  magnetite 
the  tabular  crystals  of  ilmenite  are  distributed  in  the  crystals  of 
magnetite  parallel  to  the  octahedral  face,  so  that  the  two  minerals 
have  a  common  ternary  axis.    The  manner  of  intergrowth  is  the 

aCathnin,  A.,  VerwMhsung  vod  IlmenJt  mlt  Magnetlt:  Groth  Zeitachr.  (Or  Kryst.  und  Min.,  vol.  12, 
1S87,  pp.  4(M6. 

»  Rosenbusch,  H.,  Mlkroskopfiche  Physiograpbie  der  petrographischen  wichtlgen  Mlninerallen,  1892. 
p.  287. 

c  Adams,  F.  D.,  Ueber  das  Norian  Oder  Ober-Laurentian  von  Gaaada:  Neues  Jahrb.  Min.,  Geol., 
PaieoD.,  1893,  B.  B.  8,  p.  445. 

4  Uosenbusch,  H.,  Iflkroskoplacbe  PbysJographie  der  massigen  Oesteine.  189A.  p.  24A. 

•  Lacrolz,  A.,  Mlneralogie  de  la  France  et  de  oes  Colonies,  vol.  3,  1901-1909,  pp.  287-288. 
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same  as  that  in  the  case  of  hematite  and  magnetite.  He  says:  ''It  is 
very  probable  that  many  titaniferous  magnetites  owe  their  titanium 
content  to  similar  groupings  of  a  physical  nature  and  are  conse- 
quently different  from  titanomagnetite."  Titanomagnetite "  he 
calls  magnetite  in  which  a  small  part  of  the  ferric  oxide  has  been 
replaced  by  Ti,0,. 

The  intergrowths  of  ilmenite  and  rutile  in  magnetite  are  briefly 
described  by  MOgge,*  who,  however,  adds  nothing  to  what  has  been 
stated  above.  The  chief  interest  of  Mtkgge's  paper  is  that  it  discusses 
at  some  length  the  physical  and  chemical  laws  governing  regular 
intergrowths  of  diflFerent  minerals. 

AD  of  the  information  in  regard  to  the  intergrowths  of  titanium 
minerals  in  the  magnetite  of  titaniferous  magnetites  that  had  been 
obtained  up  to  this  time  came  in  the  course  of  mineralogieal  and 
petrographic  studies.  No  effort  had  been  made  to  apply  the  method 
of  attack  pointed  out  by  these  results' to  a  study  of  the  titaniferous 
ores  themselves.  The  first  investigation  of  such  a  character  was  car- 
ried out  by  Hussak^  on  some  Brazilian  titaniferous  magnetites. 
Hussak  investigated  titaniferous  magnetite  derived  both  from  string- 
ers and  veinlets  in  acidic  rocks  and  from  magmatic  segregations  in 
basic  rocks.  Polished  plane  surfaces  of  the  ores  were  prepared  and 
etched  with  hydrochloric  acid.  The  ilmenite,  being  unaffected  by 
the  acid,  retained  its  luster,  whereas  the  magnetite  was  attacked  by 
the  acid,  producing  a  dull-black  surface  against  which  the  bright 
ilmenite  was  easily  recognized.  He  found  that  the  ores  consisted  in 
general  of  aggregates  of  magnetite  and  ilmenite,  and  that  the  mag- 
netite contained  minuter  intergrowths  of  ilmenite,  in  places  regularly 
intergrown  according  to  the  manner  already  described,  and  in  places 
irregularly  intergrown.  The  regularly  intergrown  lamellae  were  also 
found  to  vary  considerably  in  size  and  abundance.  Five  micropho- 
tographs  of  these  intergrowths  accompanied  his  article,  which  so  far 
as  known  to  the  author  are  the  only  ones  that  have  been  published 
up  to  the  present  time. 

The  lamellar  intergrowths  of  ilmenite  were  also  observed  by 
Warren **  in  the  Rhode  Island  ores,  and  described  as  follows: 

On  etcMng  the  polished  surface  with  hydrochloric  acid,  a  delicate  reticulate  struc- 
ture is  developed  in  the  ore.  With  a  direct  illumination  under  the  microscope,  this 
structure  is  seen  to  consist  of  an  intersecting  series  of  bright-gray,  narrow  bands  or 
lamelke  inclosing  dull-black  depressions.  This  structure  extends  everywhere  through 
the  ore  except  over  occasional  small  areas  which  have  a  smooth  surface  and  are  iden- 

a  Lacroix,  A.,  op.  cit.,  vol.  4, 1910,  p.  317. 

h  Mflgge.  O.,  Die  regelmftssif^en  Verwachsungeo  von  Mlnemlen  verschiedener  Art:  Neues  Jahrb.  Min., 
Ged.,  Paleon..  1903.  B.  B.  16,  pp.  3.35-475. 

eHuosak,  E.,  thier  die  Idkrostmctur  einiger  brasUianlacher  Titanmagneteiaensteine:  Neues  Jahrb. 
ICin.,  Geol.,  Paleon.  vol.  1, 1904,  pp.  94-113. 

d  Contributions  to  the  geology  of  Rhode  Island.    I,  Notes  on  the  history  and  geology  of  Iron  Mine  Hill 
Cumberland  by  B.  L.  Johnson.    II,  The  petrography  and  mineralogy  of  Iron  Mine  Hill,  Cumberland, 
by  C.  H.  Warren:  Am.  Jour.  Sd.,  vol.  25, 1906,  pp.  15-16. 
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tical  with  the  bands  in  appearance  and  preeumably  in  composition.  The  lamelle 
are  frequently  observed  to  cross  at  angles  of  nearly  or  exactly  60  degrees;  again  they 
form  a  nearly  rectangular  grating.  This  structure,  taken  in  connection  with  the  well- 
known  tendency  of  ilmenite  to  develop  a  reticulate  structure  parallel  to  the  rhom- 
bohedral  planes,  suggests  at  once  that  the  lamellie  are  ilmenite  inclosing  the  more 
easily  dissolved  magnetite.  The  change  in  direction  of  the  bands  in  different  parts 
of  the  ore  matrix  is  the  only  indication  of  the  existence  of  individual  grains  in  the  ore. 
The  ratios  derived  from  the  rock  analysis  show  conclusively  that  the  two  molecules, 
RiiTiOs  <^^  R"K™204,  are  present,  and  in  about  equal  proportions.  The  magnetic 
susceptibility  of  particles  of  the  ore,  free  from  olivine  and  feldspar,  was  found  to  be 
intermediate  between  that  of  pure  magnetite  and  ilmenite.  It  appears,  therefore, 
that  the  ore  matrix  consists  essentially  of  an  intimate  intergrowth  of  magnetite  and 
ilmenite  with  an  occasional  grain  of  what  is  probably  pure  ilmenite.  The  parallel 
intei*growth  of  members  of  the  spinel  family  with  ilmenite  has  long  been  familiar  to 
mineralogists,  and  a  similar  intergrowth  has  been  suggested  by  a  number  of  petrogra- 
phers  to  explain  the  composition  of  the  "titaniferous  magnetites"  of  many  rocks. 
Quite  recently  Hussak  has  shown  by  the  study  of  etched  surfaces  that  intergrowths 
of  ilmenite  and  spinel  minerals,  particularly  magnetite,  are  very  general  in  the 
titaniferous  ores  of  Brazil.  He  also  gives  a  full  bibliography  of  the  literature  on 
the  subject.  It  would  be  extremely  interesting  to  extend  the  study  of  titaniferous 
magnetites  still  further  and  ascertain  to  what  extent,  if  at  all,  an  inteigrowth  like 
the  one  described  in  the  present  instance  exists  in  other  occturences.  There  is  still, 
in  spite  of  the  considerable  amount  of  investigation  which  has  been  carried  on  upon 
'titaniferous  magnetites,"  much  uncertainty  regarding  the  exact  relations  of  these 
two  I.  ineral  molecules  when  occurring  together. 

In  order  to  bring  out  the  relations  between  the  larger  iknenite 
grains  and  the  magnetite  grains  of  the  titaniferous  ores  of  the  Adiron- 
dacks,  Newland "  prepared  polished  sections  which  were  etched 
with  acid,  and  he  gives  three  photographs  taken  with  an  ordinary 
camera.  It  seems,  however,  that  he  did  not  examine  the  surfaces 
under  magnification  and  hence  overlooked  the  ilmenite  intergrowths 
within  the  dull  magnetite  areas. 

METALLOGRAPHIC  METHOD  OF  INVESTIGATION. 

The  microstructure  of  the  titaniferous  magnetites  has  been  studied 
in  this  investigation  by  the  application  of  what  is  known  as  the 
metallographic  method.  It  is  a  method  that  has  long  been  employed 
in  metallurgy  for  investigating  the  microstructure  of  the  metals  and 
alloys.  Polished  surfaces  of  the  substance  to  be  examined  are  pre- 
pared and  treated  with  etching  fluids,  and  the  structure  brought 
out  in  this  way  is  observed  with  a  microscope  specially  constructed 
for  using  reflected  light,  and  known  as  a  metallographic  microscope. 

The  instrument  used  in  this  work  was  the  Leitz  metallographic 
microscope  in  the  geological  laboratory  of  the  Johns  Hopkins 
University.  This  instrument  is  so  constructed  that  the  objective 
is  inverted  and  the  illumination,  which  is  provided  by  a  small  arc 
i;^u*   ;«  --fleeted  upward  from  below.     The  object  can  therefore  be 

H.,  Odology  of  the  Adirondacks  magnetic  iron  OT<i^:  N.  Y.  State  Mus.  Bull.  119,  pt.  3» 
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placed  face  downward  on  the  stage,  and  the  polished  surface  is  at 
once  at  right  angles  to  the  axis  of  the  microscope.  This  arrange- 
ment has  the  advantage  that  it  does  away  with  the  necessity  of 
mounting  the  specimens,  a  detail  of  considerable  importance  when  a 
large  number  of  specimens  are  to  be  studied. 

To  prepare  a  polished  section,  a  small  piece  of  ore  was  chipped  or 
sawed  off  the  hand  specimen.  The  most  convenient  size  was  found 
to  be  about  a  half  inch  square.  Elongate  pieces  were  avoided,  as  it 
was  difficult  to  keep  a  plane  surface  on  them  in  grinding.  A  little 
pressure  on  one  side  produced  a  curved  surface,  and  the  smallest 
curvature  made  the  polishing  more  tedious  and  necessitated  a  con- 
stant readjustment  of  the  focus  of  the  microscope.  The  chip  was 
ground*  down  to  a  plane  surface  on  an  ordinary  lap  wheel,  coarse 
powders  being  first  used,  followed  by  the  use  of  the  finest  carborun- 
dum or  emery,  until  a  plane  surface  had  been  produced.  For  the 
final  stages  of  preparation,  a  small  lap  wheel  was  constructed,  run 
directly  by  a  motor  by  means  of  a  friction  drive.  The  speed  of  the 
wheel  could  be  regulated  by  changing  the  gear  of  the  friction  drive 
and  by  means  of  a  starting  box.  Duplicate  wheels  were  provided, 
so  that  only  one  kind  of  powder  was  used  on  each  wheel.  To  obtain 
a  smoother  surface  than  was  obtained  on  the  large  wheel  with  the 
finest  carborundum,  the  carborundum  was  levigated  and  the  finest 
sediment  used  on  the  small  wheel.  Still  better  results  were  obtained 
when  instead  of  proceeding  directly  to  the  polishing  stage,  the  surface 
was  rubbed  for  a  time  on  a  soft  whetstone.  For  this  purpose  the 
black  stone  used  in  polishing  marbte  was  found  satisfactory.  The 
final  polishing  was  done  with  putty  powder  on  a  wheel  covered  with 
ribless  broadcloth. 

The  polished  surface  thus  prepared  was  treated  with  strong  hydro- 
chloric acid.  The  length  of  treatment  necessary  to  bring  out  the 
structure  depended  greatly  on  the  character  of  the  ore.  Coarsely 
crystallized  ore  is  more  quickly  acted  upon  by  the  acid  than  fine- 
grained aggregates.  If  the  etching  was  not  continued  long  enough, 
the  structure  was  not  well  brought  out  and  much  detail  was  lost;  on 
the  other  hand,  if  it  proceeded  too  far,  the  difference  in  relief  became 
too  great  and  all  the  details  could  not  be  brought  into  focus  at  one 
time.  The  most  satisfactory  way  was  occasionally  to  remove  the 
specimens  from  the  acid  and  observe  them  under  the  microscope; 
as  soon  as  the  desired  contrast  was  obtaiaed,  the  etching  was  stopped. 

In  preparing  the  microphotographs  accompanying  the  report  a 
peculiar  difficulty  was  encountered.  All  the  ilmenite  intergrowths 
and  the  contacts  between  the  larger  ilmenite  grains  and  the  magnetite 
showed  a  blurred  effect  on  one  side.  Thus,  in  the  case  of  the  linear 
network,  one  side  of  the  lines  would  be  perfectly  sharp  and  the  other 
gradually  fade  away.    The  author  is  greatly  indebted  to  Prof.  A.  H. 
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Pfund,  of  the  department  of  physics  at  the  Johns  Hopkins  University, 
for  the  solution  of  this  difficulty.  These  lines,  as  well  as  the  other 
intergrowths,  instead  of  showing  on  the  ground  glass  as  single  bright 
lines  showed  in  the  form  of  spectra;  and  it  was  these  spectra  that 
were  being  photographed.  Prof.  Pfund  suggested  boring  holes  in 
the  carbons  and  filling  them  with  finely  pulverized  salt  and  then 
introducing  between  the  arc  and  the  microscope  a  filter  filled  with  a 
solution  of  potassium  bichromate  of  sufficient  strength  to  cut  out  all 
bands  of  the  spectrum  beyond  the  yellow  sodium  band.  In  this 
way  what  was  practically  a  bright-yellow  monochromatic  light  was 
produced,  as  the  faint  red  in  this  spectrum  has  no  action  on  the 
photographic  plate.  With  the  aid  of  this  light  the  blurred  effect 
was  eliminated  and  sharp  photographs  were*  produced. 

RESULTS  OF  METALLOGRAPHIC  STUDY. 

If  a  polished  section  of  a  titaniferous  magnetite  is  treated  with 
hydrochloric  acid,  the  etched  surface  reveals  to  the  naked  eye  certain 
more  apparent  features  of  the  ore.  It  is  at  once  seen  that  the  greater 
part  of  the  section  is  made  up  of  three  principal  types  of  surfaces. 
Rather  light-colored  nonmetallic  surfaces  are  at  once  recognized  as 
the  gangue  minerals.  Dark  gangue  minerals,  which  in  the  unaltered 
ore  can  scarcely  be  distinguished  from  the  ore  minerals,  magnetite 
and  ilmenite,  are  bleached  and  easily  recognized.  Other  parts  of 
the  section  have  remained  unaltered  and  retain  their  bright  metallic 
surfaces.  These  consist  of  grains  of  ilmenite.  Still  other  areas, 
made  up  of  grains  of  magnetite,  assume  a  somewhat  dull-black 
appearance.  A  closer  scrutiny  of  the  magnetite  and  the  ilmenite 
areas  often  reveals  the  presence  of  minute  particles  of  a  nonmetallic 
mineral  that  has  retained  the  luster  of  its  polish.  These  particles 
are  the  small  spinel  crystals  so  common  in  the  titaniferous  ores. 
Such  an  etched  section  is  instructive  in  showing  the  relations  between 
the  grains  of  magnetite,  ilmenite,  and  gangue  minerals.  It  has  the 
advantage  over  thin  sections  of  the  ores  that  it  brings  out  more 
clearly  the  relations  between  the  ilmenite  and  the  magnetite  grains, 
and  the  disadvantage  that  the  recognition  of  the  nature  of  the  gangue 
minerals  is  more  difficult.  Photographs  of  such  sections  are  shown 
in  Plates  II,  VIII,  and  IX. 

From  these  plates  it  is  seen  that  in  most  cases  the  relations  between 
the  ilmenite  and  the  magnetite  grains  are  those  of  the  constituents 
of  a  granular  igneous  rock.  The  texture  varies  from  that  of  a  fine- 
grained rock  to  that  of  a  coarse-grained  rock.  As  to  the  relative 
abundance  of  the  two  minerals,  in  some  ores  there  is  little  ilmenite 
and  in  others  the  ilmenite  greatly  preponderates  over  the  magnetite. 
The  relative  size  of  the  grains  of  the  two  minerals  is  of  the  same  order 
of  magnitude,  though  the  ilmenite  grains  average  a  little  smaller 
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than  those  of  magnetite.  The  most  common  shape  of  the  grains  is 
roughly  equidimensional,  but  they  also  assume  an  elongate  and, 
especially  in  the  case  of  the  ilmenite,  even  a  tabloid  shape.  The 
effect  produced  then  is  as  if  most  of  the  elongated  ilmenite  grains 
followed  the  outlines  of  the  magnetite  grains,  with*a  few  distinctly 
cutting  across.  This  is  well  illustrated  in  Plate  II,  Z>.  The  tabular 
grains  more  frequently  terminate  bluntly,  but  some  gradually  fray 
out  at  the  ends,  as  in  Plate  XI,  A. 

A  close  megascopic  examination  of  the  magnetite  areas  of  many 
ores  will  show  that  much  of  the  magnetite  is  not  a  homogeneous  mass, 
but  is  intergrown  with  minute  particles  of  ilmenite  in  both  regular 
and  irregular  orientation  (PL  II,  C,  and  PI.  VIII,  B).  A  micro- 
scopic examination  of  sections  of  such  ores  reveals  the  intergrowths 
to  much  better  advantage,  and  discloses  many  intergrowths  that  are 
so  minute  as  not  to  be  visible  to  the  naked  eye.  The  nature  of  these 
intergrowths  is  fully  discussed  under  the  descriptions  of  the  individual 
deposits.  The  results  of  the  study  of  the  intergrowths  are  for  conven- 
ience summarized  at  this  point. 

In  many  of  the  ores  there  is  a  tendency  for  small  granules  of  ilmen- 
ite to  arrange  themselves  within  a  magnetite  grain  very  close  to  its 
contact  with  an  ilmenite  grain.  The  granules  are  usually  elongate 
and  lie  either  with  their  longer  axes  parallel  to  the  outline  of  the 
ilmenite  grain,  or  at  right  angles  to  it.  In  most  cases  they  form  a 
discontinuous  fringe  around  the  ilmenite  grains  from  which  they  are 
separated  by  a  narrow  zone  of  magnetite  free  from  inclusions.  This 
condition  is  shown  at  the  right  end  of  Plate  II,  E.  Sometimes  the 
granules  coalesce,  forming  a  continuous  rim  about  the  large  ilmenite 
grain ;  and  if  the  elongate  particles  are  oriented  at  right  angles  to  the 
outline  of  the  grain,  the  rim  may  attain  a  width  of  0.2  mm.,  as  in 
Plate  VI,  B.  Besides  the  particles  that  tend  to  segregate  along 
the  contact  with  larger  ilmenite  grains,  others  of  irregular  to  more  or 
less  circular  shape  are  scattered  here  and  there  through  the  magnetite 
(PI.  IV,  PI.  VI,  A,  PI.  XV,  5,  and  PI.  XVI,  A).  The  more  common 
size  of  these  is  a  maximum  dimension  of  0.1  to  0.3  mm. 

The  magnetite  grains  are  at  times  separated  by  a  thin  film  of 
ilmenite,  so  that  in  section  the  outlines  are  marked  by  a  bright  rim 
of  ilmenite  as  is  seen  in  Plate  IV,  A,  Somewhat  analogous  to  this 
is  the  crowding  of  regular  intergrowths  along  definite  Unes  in  the 
magnetite  areas,  which  are  often  the  periphery  of  the  grains  (PI.  XIII, 
B,  and  PI.  XV,  ^). 

The  most  conmion  forms  of  intergrowths  are  those  that  show  in 
the  sections  as  lines  and  as  dots. 

The  lines  are  sections  of  minute  ilmenite  lamell»  oriented  parallel 
to  the  octahedral  faces  of  the  magnetite.  Hence  in  a  simple  magne- 
tite crystal  they  can  be  oriented  in  tbr^e  different  planes,  and  in  a 
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twinned  crystal  in  five  different  planes.  In  section,  this  may  give 
rise  to  three  or  to  five  series  of  parallel  lines ;  the  actual  number  visible 
depends  of  course  on  the  orientation  of  the  section.  Plate  XV,  A, 
illustrates  the  intergrowths  in  a  simple  individual;  Plate  VI,  A,  the 
intergrowths  in  a  twinned  individual.  The  angles  that  the  lines 
make  with  each  other  depend  also  on  the  orientation  of  the  section. 
If  the  section  lies  parallel  to  the  octahedral  face,  they  intersect  at  60°; 
as  the  section  deviates  from  this  position,  the  angles  approach  0°  on 
the  one  hand  and  90°  on  the  other.  But  even  where  the  section  is  so 
oriented  as  to  expose  the  three  possible  directions,  intergrowths  are 
not  necessarily  developed  in  all  three,  or  at  least  not  equally  w:ell 
developed.  Thus,  as  in  Plate  III,  £,  the  one  series  of  lamellsB  is  marked 
by  heavy  lines,  whereas  the  other  two  are  made  up  of  very  small 
dehcate  lamellsB.  Consequently  the  pattern  produced  by  the  inter- 
secting lamell®  may  vary  from  the  equilateral  triangular  network  of  a 
simple  magnetite  crystal  cut  parallel  to  the  octahedral  face  to  the  more 
complicated  network  of  five  series  of  intersecting  lines  in  the  case  of 
twinned  crystals,  or  to  the  simplest  case  of  one  series  of  parallel  lines, 
which  is  most  nearly  attained  in  Plate  FV,  A  and  B, 

In  size  the  lamell»  range  from  such  as  are  easily  visible  with  the 
naked  eye  (PI.  II,  C,  and  PI.  VIII,  B)  to  lamellea  so  minute  as  to  be 
scarcely  discernible  under  the  highest  magnification.  The  coarsest 
lamellsB  in  any  of  the  ores  examined  occurred  in  the  ores  of  the 
Tuscarora  mine  in  Guilford  County,  N.  C.  These  reach  a  length  of 
4  mm.  and  a  thickness  of  0.1  mm.  They  are  characterized  by  local 
thickenings  in  the  form  of  protuberances  having  a  thickness  as  great 
as  0.2  mm.  (PI.  VII,  A),  The  distance  between  the  parallel  plates 
averages  0.2  to  0.5  mm.,  but  may  be  much  greater.  The  plates  are 
distinctly  visible  to  the  naked  eye  and  may  be  peeled  off  cleavage 
faces  of  the  magnetite  with  a  knife.  Of  the  other  lamellsB  examined 
the  only  ones  approaching  the  coarseness  mentioned  were  those  in  the 
Poplar  Lake  ore  of  Minnesota.  Aside  from  these  exceptional  cases, 
lamsllsB  having  a  length  of  1  mm.  and  a  thickness  of  0.02  nmi.  must 
be  regarded  as  unusually  large.  Those  shown  in  Plate  VI,  A,  and 
Plate  XV,  A  J  are  among  the  largest  observed. 

Generally,  instead  of  one  large  continuous  lamella,  there  are  a 
number  of  smaller  lamellae  in  the  same  plane,  so  that  in  section  the 
effect  is  that  of  a  broken  line  instead  of  a  continuous  bright  line  of 
ilmenite.  If  unusually  thick,  they  may  have  a  width  of  0.02  mm., 
as  in  Plate  XVI,  A;  but  in  most  cases  they  are  less  than  0.005  mm. 
in  thickness,  and  0.001  mm.  is  not  at  all  uncommon.  In  length  every 
size  is  represented  from  lamellsB  so  minute  that  their  elongation  is 
scarcely  discernible  to  the  larger  lamellae  mentioned  in  the  preceding 
paragraph.  The  delicate  short  lamellsB  showing  the  broken-line 
effect  are  illustrated  in  Plate  FV,  B,  Plate  IX,  A,  and  in  Plate  XII,  A. 
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As  regards  the  number  of  lamellsB  present,  there  is  also  considerable 
yariation.  In  some  ores  they  are  not  very  numerous  and  rather 
widely  spaced,  as  in  Plate  IV,  A,  Plate  XI,  B,  and  Plate  XVI,  A.  In 
others  they  are  closely  crowded,  as  in  Plate  III,  A,  Plate  IV,  JB,  and 
Plate  VI,  A.  Especially  in  the  case  of  the  more  delicate  lamello 
the  crowding  becomes  very  close,  as  shown  in  Plate  I,  Plate  VII,  B, 
Plate  IX,  A,  and  Plate  XII,  A.  This  crowding  becomes  in  many 
instances  closer  and  the  lamell®  more  dehcate  until  the  intersecting 
structure  can  no  longer  be  discerned,  and  the  magnetite  has  a  peculiar 
bright  luster  due  to  the  almost  continuous  surface  of  ilmenite.  Such 
grains  can  easily  be  distinguished  from  homogeneous  ilmenite  grains 
by  the  tendency  of  their  luster  to  show  iridescence. 

Not  only  the  number  but  also  the  distribution  of  the  lameU» 
varies  greatly.  One  part  of  the  magnetite  surface  may  be  crowded 
with  them  so  that  it  shows  a  closely  packed  network,  and  another  part, 
immediately  adjacent,  may  be  almost  free  from  intergrowths.  Such 
sudden  changes  in  the  distribution  of  the  intergrowths  are  seen  in 
Plate  VII,  B,  and  Plate  XII,  A.  Then,  again,  lameUar  ilitergrowths 
may  suddenly  terminate  and  the  dots  occur  in  their  place  as  in  Plate 
XI,  B.  Similar  to  this  is  the  crowding  of  lamell»  along  definite 
lines  in  the  magnetite,  the  rest  of  the  area  being  almost  free  from 
lamellae.  These  lines  are  both  the  outlines  between  magnetite 
grains  and  lines  running  through  the  magnetite  seemingly  with  no 
definite  orientation.  This  effect  is  illustrated  in  Plate  XIII,  B,  and 
Plate  XV,  A. 

As  common  as  the  lamell»  is  another  variety  of  intergrowths 
that  show  in  section  as  dots  with  approximately  circular  outlines. 
They  vary  in  size  from  the  minutest  to  the  largest,  but  the  impression 
one  receives  is  that  they  occur  in  groups  of  two  sizes — a  larger  size 
0.05  to  0.01  mm.  in>diameter  and  a  smaller  ranging  from  about  0.002 
mm.  down  to  the  smallest  size  observable.  Both  sizes  occur  in  Plate 
IV,  B,  and  Plate  XIII,  A.  Most  commonly  the  dots  are  irregu- 
larly distributed  over  the.megnetite  surface,  not  showing  any  regular 
orientation.  In  some  cases,  however,  they  assume  a  rectilinear 
orientation  parallel  to  the  octahedral  cleavages.  This  is  especially 
prominent  with  some  of  the  larger  dots  and  is  illustrated  in.  Plate 
XI,  B,  and  Plate  XIV,  A.  As  regards  quantity  and  evenness  of 
distribution  the  same  conditions  exist  as  have  been  described  for  the 
lamellsB.  The  minute  dots  may  be  almost  entirely  lacking  (PI.  XIV, 
A)  or  they  may  occur  in  such  numbers  as  to  form  almost  a  continuous 
surface  of  ilmenite  and  produce  the  peculiar  luster  on  the  magnetite 
that  the  closely  crowded  minute  lamellsB  cause.  The  uneven  distri- 
bution of  the  dots  can  be  seen  in  Plate  XII,  B,  in  which  there  are 
abundant  minute  dots  at  one  end  and  an  almost  complete  absence  of 
them  at  the  other, 
ssm"*— Boll. 
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One  other  form  of  intergrowth  has  been  illustrated  in  Plate  XVI, 
B.  This  was  found  in  two  Canadian  ores,  the  one  illustrated  from 
the  River  Chaloupe  and  another  from  a  deposit  40  miles  north  of 
Montreal.  No  such  intergrowth  was  observed  in  any  of  the  ores 
from  the  United  States.  It  consists  of  numerous  narrow  lenticular 
bands  of  what  seems  to  be  magnetite,  though  it  is  not  as  readily  acted 
on  by  the  acid  as  magnetite  usually  is,  intercalated  in  grains  of 
ilmenite.  Hussak  '  found  what  is  probably  the  same  kind  of  inter- 
growths  in  the  Brazilian  ores  from  Victoria  in  Espirito  Santo  and 
Caldas  in  Minas  Geraes,  the  former  occurring  in  a  quartz  mica  diorite, 
the  latter  in  a  basic  rock.  Of  the  Victoria  ore  he  says:  ''The  large 
ilmenite  grains  show  a  peculiar  lamellation  after  etching  and  appear 
to  consist  of  two  substances  acted  on  imequally  by  the  acid,  although 
both  are  very  difficultly  soluble  in  50  per  cent  hydrochloric  acid.'' 
The  structure  would  suggest  the  solidification  of  a  magnetite-ilmenite 
eutectic  and  is  worthy  of  further  investigation. 

It  is  at  once  apparent  from  the  microphotographs  that  all  of  the 
intergrowths  that  have  been  described  are  too  minute  to  admit  of  a 
mechanical  separation.  In  many  cases  they  are  abundant  enough 
to  give  the  magnetite  a  considerable  titaniimi  content,  and  herein 
hes  the  failure  to  a  large  extent  of  magnetic  separation  to  eliminate 
the  titanium  from  the  ores.  But  it  has  also  been  demonstrated 
that  a  magnetite  showing  none  of  the  intergrowths,  but  etching  with 
a  uniform  dull-black  surface,  may  carry  a  large  percentage  of  tita- 
nium. A  sample  obtained  by  picking  particles  of  etched  magnetite 
free  from  intergrowths  from  sections  of  Sanford  Hill  ore  contained 
6.6  per  cent  Ti.  It  would  appear,  therefore,  that  the  magnetite 
molecule  may  itself  carry  titanium  and  establish  the  existence  of  a 
mineral  ''titanomagnetite.''  The  titanium  content  of  titaniferous 
magnetites  that  is  inseparable  by  means  of  magnetic  concentration, 
consequently,  occurs  both  in  the  form  of  microscopic  inclusions  of 
ilmenite  and  in  the  magnetite  molecule  itself.  The  quantity  of 
titanium  occurring  in  separable  and  inseparable  form  is  subject  to 
variation  between  wide  limits.  Hence  it  is  impossible  to  predict 
beforehand  what  results  the  magnetic  separation  %f  a  given  titanif- 
erous ore  will  yield,  but  each  case  must  be  investigated  for  itself. 

CHEMICAL  COMPOSITION  OF  THE  TITANIFEROUS  IRON  ORES. 

In  the  section  of  this  report  dealing  with  the  individual  deposits 
of  titaniferous  iron  ores  all  the  available  analyses  of  titaniferous 
iron  ores  have  been  included.  At  this  point  some  of  the  character- 
istic features  of  the  chemical  composition  of  these  ores  are  discussed. 
The  table  following  gives  the  average  content  of  the  ores,  by  districts, 

•Hunak,  E.,  t^ber  dJe  Iflkrostnictar  elnicer  bnslUanlsdier  TitftmnHn^^tensteine:  Nenea.  Jahrb. 
Mln.,  Q«oL,  Pitoon.,  vol.  1, 1004.  pp.  W,  lOS. 
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in  iron,  titanium,  phosphorus,  and  sulphur.  The  figure  in  paren- 
theses indicates  the  number  of  determinations  from  which  the 
average  is  made  up.  The  last  colunm  gives  the  amount  of  titanium 
per  unit  of  iron. 

Average  composition  of  tUani/erous  magnetites. 


SoorcB  of  ore. 


Iron  Mine  HiU,  R.  I 

New  York  gabbro  one 

New  York  anortbosite  ores. 

New  Jersey 

Nortb  Carolina 

litniiesots. 

Iron  Moantain,  Wyo 

Oaiiboa  Hill,  Colo 

Iron  Mountain,  Colo 

Oeboilft  Craek,  Cdo 


Fe. 


Per  cent, 
33. 49  (10) 
44.66(21) 
57. 21  (16) 
57.83(40) 
49.98(58) 
40. 11  (11) 
49.80(10) 
45.57(  4) 
47.86(11) 


Tl. 


Percent. 

5.85(10) 

6.28(21) 

9.61(15) 

LOO  (40) 

6.61(56) 

7.94(11) 

15.96(10) 

12.37?  2 

7.68(10 

13.61(  2 


I 


P. 


Percent. 

0.016  (  5) 
.117  (16) 
.015  (  6) 
.280  (40) 
.023  (36) 
.006   (  7) 

Traoc.(  1) 
.020  (  2) 
.026   (  8) 


8. 


Percent. 
0. 104  (  5) 
.237  (11) 
.035  (  6) 
.3667(34) 
.062  (29) 
.126  (7) 
.87     (  3) 


Trace. (1) 


Titanium 
per  unit 
of  iron. 


Per  cent. 
0. 1747 
.1406 
.1680 
.0829 
.1323 
.1617 
.3199 
.3715 
.1605 


One  of  the  most  interesting  things  brought  out  by  this  table  is  the 
relation  existing  between  iron  and  titanium.  Attempt  is  made  sub- 
sequently to  show  that  most  if  not  all  of  the  ores  from  which  the  New 
Jersey  averages  have  been  calculated  really  do  not  belong  to  the  class 
of  ores  under  discussion,  and  hence  the  New  Jersey  figures  may  be 
ignored.  The  average  titanium  content  given  for  the  Caribou  Hill 
deposit  is  beyond  doubt  wrong.  The  divergence  between  Jennings's 
analysis  and  Chauvenet's  is  so  great,  and  the  metallographic  study  of 
the  ore  so  greatly  favors  Jennings's  determination,  that  the  average 
of  the  two  certainly  does  not  represent  the  actual  titanium  content, 
but  is  a  figure  far  above  the  true  value.  Hence  this  average  must 
also  be  ignored.  We  then  find  that  the  ratio  of  titanium  to  iron  in 
the  magnetites  of  all  the  districts  mentioned  ranges  between  the  nar- 
row limits  of  0.1323  and  0.1747,  with  the  single  exception  of  the  mag- 
netite from  Iron  Mountain,  Wyo.,  which  has  a  ratio  twice  as  great  as 
the  average  of  the  others. 

The  phosphorus  content  is  unusually  far  below  the  Bessemer 
limit.  In  a  few  cases,  however,  the  ore  contains  considerable  apatite, 
which  gives  it  a  high  phosphorus  content.  Assumption  can  not  be 
made,  therefore,  that  a  given  deposit  is  low  in  phosphorus,  but  it 
should  be  tested  in  this  respect.  The  chances  of  its  exceeding  the 
Bessemer  limit  are,  however,  very  slight.  The  sulphur  content  is 
also  very  low,  and  in  no  case  high  enough  to  produce  any  deleterious 
effects. 

The  geology,  origin,  and  composition  of  the  titaniferous  iron  ores 
have  been  discussed  at  considerable  length  by  Vogt  in  a  series  of  arti- 
cles that  appeared  in  the  ^'Zeitschrift  ftlr  praktische  Geologie"  during 
the  years  1893^  1894,  1900^  1901,  and  1910.    A  brief  summary  of 
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these  results  is  given  in  ''Die  Lagen^t&tten  der  nutzbaren  Mineralien 
und  Gesteine/'  •  by  Beyschlag,  Krusch,  and  Vogt. 

Vogt  finds  that  the  iron-ore  segregations  occurring  in  gabbros, 
labradorfels,  and  augite  and  nepheline  syenites  are  characterized  all 
over  the  world,  without  exception,  by  a  considerable  titanium  con- 
tent. The  titanium  in  the  relatively  rich  segregations  rarely  falls 
below  4  to  5  per  cent.  Another  element  that  is  rarely  lacking  is 
vanadium  in  the  form  of  V3O,,  and  there  may  also  be  present  CrjO,, 
NiO,  and  CoO.  The  manganese  content  is  usually  low.  The  apatite 
or  FjOg  content  is  generally  low.  The  quantity  of  sulphide  is  usually 
small,  and  in  a  few  cases  carbon  in  the  forni  of  graphite  occurs. 
A  review  of  the  analyses  of  the  titaniferous  ores  of  the  United  States 
showed  that  they  conform  in  every  respect  to  the  characteristics 
outlined  by  Vogt. 

As  regards  their  manner  of  occurrence,  Vogt  states  that  they  occur 
in  the  central  parts  of  the  eruptive  masses  into  which  they  gradate 
as  irregular  schlieren,.  or  as  distinct  dikes  with  sharp  contacts  against 
adjacent  eruptive  rock.  All  these  types  of  occurrences  are  repre- 
sented among  the  deposits  of  the  United  States.  The  manner  in 
which  the  differentiation  progresses  is  discussed  by  Vogt  and  is  illus- 
trated graphically  by  diagrams,  and  the  theory  of  the  processes  of 
differentiation  is  considered.  A  consideration  of  these  points  is, 
however,  beyond  the  scope  of  this  report. 

Of  more  immediate  interest  is  Vogt's  discussion  of  the  relations  of 
the  iron,  titanium,  phosphorus,  and  sulphur  of  the  ores  to  the 
original  content  of  the^e  elements  in  the  magma.  Omitting  certain 
analyses  that  he  regarded  as  unreliable,  the  analytical  results  col- 
lected by  him  covering  occurrences  all  over  the  world  showed  that 
the  ratio  between  titanium  and  iron  ranges  between  0.063  and  1. 
Only  in  rare  cases,  however,  does  the  ratio  fall  without  the  limits  0.1 
and  0.667;  and  in  the  vast  majority  of  cases  of  segregations  within 
gabbros  and  anorthosites  relatively  rich  in  iron-magnesian  silicates 
the  ratio  lies  between  0.111  and  0.250.  The  table  on  page  35  shows 
that  all  of  the  American  occurrences,  ruling  out  those  of  New  Jersey 
and  Caribou  Hill  for  reasons  already  stated,  fall  within  this  narrow 
Hmit  with  the  exception  of  the  Iron  Mountain,  Wyo.,  deposit.  This 
deposit  occurs  in  anorthosite  relatively  poor  in  ferromagnesian 
minerals,  and  such  deposits  Vogt  states  are  characterized  by  a  higher 
titanium  content.  A  thoroughly  trustworthy  ratio  of  titanium  to 
iron  in  the  original  gabbroitic  magma  can  not  be  given,  but  he  regards 
it  as  falling  below  0.1  to  0.125.  Hence  in  the  processes  of  differen- 
tiation not  only  has  there  been  an  absolute  enrichment  of  iron  and 
titanium,  but  titanium  has  to  a  varying  extent  been  enriched 
relatively  to  the  iron. 

•  Vol.  1, 1900,  pp.  347-353. 
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According  to  Clarke,'  the  eruptive  rocks  carry  an  average  of  0.11 
per  cent  of  phosphorus  and  0.11  per  cent  of  sulphur;  but  the  gab- 
broitic  rocks  carry  more  than  the  average  quantity  of  these  two  ele- 
ments, and  Vogt  assumes  as  the  minimum  an  average  of  0.2  per  cent 
of  phosphorus  and  0.15  per  cent  of  sulphur  for  these  rocbs.  The 
average  phosphorus  content  of  the  titaniferous  iron  ores  is  far  below 
this  figure,  and  in  only  a  few  cases  does  it  reach  that  quantity  in  indi- 
vidual deposits.  The  high-grade  ores  usually  carry  only  the  minutest 
quantity  of  phosphorus.  The  sulphur  content  is  also  usually  very 
minute.  In  a  few  cases  there  is  a  considerable  sulphur  content  in 
the  ores  owing  to  the  presence  of  sulphides,  but  in  most  cases  the  aver- 
age is  below  the  average  for  the  magma.  Consequently,  the  assump- 
tion is  warranted  that  while  the  iron  and  titanium  were  being 
enriched  to  form  the  ore  bodies  the  phosphorus  and  sulphur  re- 
mained in  the  magma.  In  other  cases  there  have  been  segregations 
of  apatite  and  of  sulphidic  ores.  Vogt  concludes,  therefore,  that  the 
conditions  favorable  to  the  segregation  of  iron  and  titanium  differ 
from  those  favorable  to  the  segregation  of  phosphorus,  and  these 
again  from  those  favorable  to  the  segregation  of  sulphides;  and  that 
in  most  cases  these  conditions  do  not  exist  at  the  same  time  or  place. 

He  also  takes  up  the  behavior  of  some  of  the  less  essential  con- 
stituents of  the  ores  in  this  respect.  A  slight  enrichment  of  manga- 
nese has  taken  place,  but  not  to  the  extent  *to  which  iron  has  been 
enriched.  Kemp  found  that  chromium  and  vanadium  vary  in  the 
same  manner  if  not  absolutely  in  the  same  degree.  This  relation  is 
corroborated  and  the  average  enrichment  of  thjose  two  elements  in 
the  ores  given  as  tenfold.  The  nickel  and  cobalt  content  is  usually 
small  and  in  most  cases  less  than  one  would  expect. 

In  conclusion,  it  may  be^  stated  that  the  characteristics  of  the 
chemical  composition  of  the  titaniferous  iron  ores  of  the  United 
States  are  the  same  as  those  that  mark  these  ores  the  world  over. 
As  regards  iron  content  most  of  them  must  be  classed  as  medium  to 
low  grade  ores.  Fortunately,  however,  the  deposits  with  the  great- 
est economic  possibilities  are  the  richest  and  their  ores  are  high 
grade.  Phosphorus  and  sulphur  are  present  in  objectionable  quan- 
tities in  only  rare  instances;  and  phosphorus  especially  is  unusually 
low  in  the  most  promising  deposits.  The  slag  forming  compounds, 
lime,  magnesia,  alumina,  and  silica,  are  present  almost  entirely  in 
the  gangue  minerals,  and  play  no  important  rdle  in  the  composition 
of  the  ores.  The  high^rade  ores  in  which  the  iron  content  is  high 
enough  for  direct  furnace  use  contain  little  gangue.  The  lower-grade 
ores  woidd  have  to  be  subjected  to  magnetic  concentration  to  bring 
their  iron  content  within  ike  required  limits,  and  this  would  reduce 

•  Clarke,  F.  W.,  Thb  data  of  c^ocb^nUstry:  U.  8.  Oeol.  Sorvey  Bull.  491, 1911. 
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the  percentage  of  those  constituents  in  the  concentrates  to  a  mini- 
mum. 

ECONOMIC  IMPORTANCE  OF  THE  DEPOSITS. 

The  field  investigation  of  the  titaniferous  iron  ores  has  given  the 
author  the  impression  that  the  possibilities,  of  these  ores  with  refer- 
ence to  the  iron-ore  resources  of  the  country  have  been  grossly 
exaggerated  in  many  quarters.  In  the  detailed  description  of  the 
more  important  deposits  of  these  ores  that  follows,  their  commeicial 
aspect  is  discussed  so  far  as  available  data  make  this  possible,  and 
the  statements  made  here  are  in  the  nature  of  conclusions  based  on 
those  discussions. 

Least  promising  are  the  possibilities  of  the  ores  in  the  ferromag- 
nesian  rich  rocks.  As  a  general  rule,  the  deposits  are  of  small  and 
irregular  extent,  and  the  ores  fine  grained  and  lean.  Leaving  out  of 
consideration  for  the  moment  their  titanium  content,  they  are  ores 
that  would  require  magnetic  concentration  before  they  could  be 
used  in  the  blast  furnace.  Further,  most  of  the  deposits  are  inacces- 
sible to  adequate  transportation  facilities.  Their  situation  both 
topographically  and  with  regard  to  the  industrial  development  of  the 
country  at  large  is  such  that  there  are  no  prospects  of  transporta- 
tion facilities  being  provided  for  a  long  time  to  come.  Hence,  to  put 
these  deposits  on  a  producing  basis,  the  heavy  initial  expense  would 
have  to  be  incurred  of  erecting  magnetic  concentrators  and  provid- 
ing adequate  transportation  facilities.  The  smaU  extent  of  most  of 
the  deposits  and  their  irregular  distribution  make  those  costs  pro- 
hibitive. Then,  their  titaniferous  character  must  be  taken  into  con- 
sideration. The  relations  of  ilmenite  and  magnetite  in  the  ores  are 
such  that  the  least  favorable  results  would  be  obtained  in  the  elimina- 
tion of  titanium  by  magnetic  concentration.  In  fact,  the  titanium 
would  be  increased  together  with  the  iron;  so  that  the  higher  the 
iron  content  of  the  concentrates,  the  higher  would  be  their  titanium 
content. 

In  the  case  of  the  ores  in  the  anorthosites  and  the  feldspar-rich 
gabbrofi,  the  conditions  are  much  more  favorable.  As  a  general  rule 
the  ores  are  much  coarser  grained  and  richer.  This  tendency  to 
coarser-grained,  rich  ores  is  noticed  where  the  gabbros  assume  an 
anorthositic  facies.  Thus  in  some  of  the  feldspathic  phases  of  the 
Duluth  gabbro,  in  Minnesota,  the  ores  are  coarser  grained  than  the 
normal  gabbro  ores,  and  smaU  segregations  of  comparatively  pure 
ore  occur.  Also  at  Iron  Mountain,  Colo.,  the  immediate  country 
rock  shows  an  anorthosite  phase,  and  the  ores  are  richer  and  coarser 
grained  than  ordinary  gabbro  ores  and  greatly  resemble  the  typical 
ores  in  anorthosite. 
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Two  deposits  in  anorthosite  stand  out  above  all  other  titaniferous 
iron-ore  deposits  in  the  United  States;  these  are  at  Sanford  Hill, 
N.  Y.y  and  Iron  Mountain,  Wyo.  At  each  of  these  localities,  in 
addition  to  the  one  enormous  deposit,  there  are  smaller  but  im- 
portant deposits  with  the  same  kind  of  ore.  At  neither  place  has 
a  careful  estimate  of  available  tonnage  been  made,  but  it  is  appar- 
ent from  the  known  extent  of  the  deposits  that  the  quantity  of  ore 
that  can  be  mined  by  simple  quarrying  methods  alone  runs  into 
millions  of  tons.  The  ores  are  nearly  pure  a^regates  of  magnetite 
and  ilmenite,  the  gangue  minerals  being  so  subordinate  in  amount 
as  to  be  negligible.  The  average  composition  of  the  Adirondack  ore 
corresponds  to  62.8  per  cent  magnetite  and  30  per  cent  ilmenite, 
whereas  that  of  the  Wyoming  ore  is  equivalent  to  49.8  per  cent  mag- 
netite and  40.15  per  cent  ilmenite.  The  results  of  magnetic  concen- 
tration tests  show  that  the  Adirondack  ore  would  yield  a  concen- 
trate containing  less  than  7  per  cent  Ti  and  the  Wyoming  ore  a  little 
less  than  10  per  cent.  The  titanium  content  of  the  Adirondack  concen- 
trate is  low  enough  to  make  feasible  its  mixture  w>th  several  parts 
of  nontitaniferous  ore  to  make  a  product  low  enough  in  titanium  to 
be  used  in  ordinary  blast-furnace  practice.  The  low  phosphorus  and 
sulphur  content  of  the  concentrate  would  make  it  a  desirable  mate- 
rial for  mJTring  with  ores  of  non-Bessemer  grade  and  high  in  sulphur. 
The  concentrates  of  the  Wyoming  ore  are  rather  high  in  titanium 
for  this  purpose,  and  it  is  probable  that  these  deposits  will  have  to 
await  some  such  process  as  electrical  smelting  that  will  make  possi- 
ble the  direct  smelting  of  titaniferous  ores.  To  provide  adequate 
transportation  facilities  for  the  Sanford  deposit  wiU  require  the  con- 
struction of  more  than  30  miles  of  railroad  over  a  mountainous  coun- 
try; for  the  Iron  Mountain  deposit,  only  10  miles  will  be  necessary, 
and  the  construction  will  be  much  easier.  In  both  cases  the  deposits 
are  large  enough  to  warrant  this  expense. 

To  sum  up,  it  may  be  confidently  asserted  that  the  Lake  Sanford 
and  Iron  Moimtain,  Wyo.,  deposits  are  important  ore  bodies  that 
before  many  years  will  be  furnishing  a  considerable  tonnage  of  iron 
ore.  The  rest  of  the  titaniferous  iron-ore  deposits  of  the  United 
States  can  not  for  many  years  to  come  be  of  any  value  as  sources  of 
iron  ore. 

CHARACTER.  SITUATION.  AND   PCXSSIBIUTIES  OF  THE 

DEPOSITS. 

In  the  subsequent  pages  the  more  important  deposits  of  titanifer- 
ous iron  ores  in  the  United  States  are  described  individually.  The 
order  of  treatment  is  geographic,  beginning  in  the  northeast  with 
Rhode  Island  and  continuing  southward  and  westward.   The  method 
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pursued  has  been  to  give  first  a  summary  of  the  geologic  features  of 
a  given  deposit  in  order  to  prepare  the  way  for  an  adequate  discus- 
sion of  the  metallographic  features  of  its  ores  and  of  its  economic 
possibilities. 

RHODE  ISLAND 

IRON  MINE  Hllili  DEPOSIT. 

The  titaniferous  magnetic  iron  ore  of  Iron  Mine  Hill,  R.  L, 
has  been  known  for  over  two  centuries,  and  has  been  of  such  in- 
terest to  geologists  that  repeated  mention  of  the  deposit  is  made  in 
geological  literature.  The  most  recent  and  thorough  study  of  this 
deposit  is  that  by  Johnson  and  Warren,*  who  made  a  careful  study 
of  the  deposit  itself,  and  included  in  the  presentation  of  their  results 
a  historical  account  of  the  deposit  and  a  summary  bibliography  of 
the  pertinent  literature.  In  view  of  this  thorough  study  and  careful 
description  of  the  deposit,  the  author  of  this  report  has  not  deemed 
it  necessary  to  revisit  the  locality.  The  following  description  of  the 
deposit  being  based  chiefly  on  the  paper  by  Johnson  and  Warren. 

LOCATION. 

Iron  Mine  Hill  lies  in  the  northeast  comer  of  Rhode  Island,  near 
the  Massachusetts  line,  in  the  town  of  Cumberiand,  about  3  miles 
east  of  Woonsocket.  The  region  is  heavily  drift  covered  and  of 
moderate  relief,  the  hills  not  rising  much  more  than  100  feet  above 
the  surrounding  country.  One  of  these  hills  consists  of  a  heavy 
rock  which  early  attracted  attention  as  a  possible  source  ci  iron  ore, 
and  it  has  since  received  the  name  Iron  Mine  Hill.  The  dimensions 
of  the  hill  as  given  by  Jackson^  are  462  feet  long,  132  feet  broad, 
and  104  feet  high.  The  area  occupied  by  the  ore  body  is  even  larger. 
The  exact  boundaries  are  covered,  but  it  appears  from  surface  indi- 
cations and  magnetic  observations  that  the  ore  body  has  a  length  of 
1,200  feet  and  a  width  of  500  to  600  feet.  The  direction  of  the 
longer  dimension  is  nearly  north  and  south. 

HISTORY. 

Repeated  attempts  have  been  made  to  utilize  this  ore.  As  early 
as  1703  it  was  mixed  with  hematite  from  Cranston,  R.  I.,  and  used 
in  a  foundry  probably  located  in  the  town  of  Cumberland.  Part  of 
the  cannon  used  against  Louisburg  in  1745  were  made  at  this  forge, 
and  the  ores  were  utilized  for  this  purpose  during  the  Revolutionary 
War.  Attempts  were  made  to  use  Uie  ores  during  the  eariy  and 
middle  parts  of  the  last  century  by  mixing  them  with  high-grade 

•OoBtrfbattou  to  tte  fsolocj  of  Rhode  Uaml.  I,  NoIh  on  tho  hiftory  tnd  fMlocT  oflron  lUno  HJO, 
ComlMffuid,  by  B.  L.  JohmGo.  n,  Tba  potrogmphy  and  mlnenlocy  of  Iroo  muB  Hill,  ComlMrluMt 
by  C.  H.  Wamn:  Am.  Joor.  Sd.,  4tli  nr.,  vol.  »,  Jaaauy,  1M8,  pp.  1-M. 

»  JaokMO,  C.  T.,  Report  oo  the  feolofioel  eail  eirieiiltiinl  inney  of  the  Btete  of  Rhode  liteod,  iMOt 
P.O. 
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ores  at  furnaces  in  New  York,  Pennsylvama,  and  New  England.  In 
all  several  thousand  tons  of  ore  have  been  used.  The  great  draw- 
back has  always  been  their  low  iron  content  and  the  high  percentage 
of  titanium  that  they  carry.  The  enormous  quantity  of  the  ore  and 
the  low  phosphorus  and  sulphur  content  have  been  advantages 
that  have  partly  offset  the  disadvantages.  However,  no  attempt  to 
work  the  ores  fpr  their  iron  has  been  made  for  many  years,  and  an 
attempt  to  use  the  rock  for  road  metal  (macadam)  at  the  close  of 
the  last  century  also  met  with  failure,  probably  because  its  extreme 
toughness  made  its  quarrying  too  expensive* 

OKIGIN. 

Jackson*  was  the  first  to  recognize  the  eruptive  character  of  the 
ore.  The  first  microscopic  study  of  the  ore  was  made  in  1881  by 
Wadsworth,^  who  called  attention  to  its  similarity  to  the  celebrated 
iron  ore  of  Taberg,  Sweden.  Though  the  origin  of  the  rock  could  not 
be  told  from  its  field  relation,  he  considered  that  its  mineral  associa- 
tion and  microscopic  characters  indicated  that  it  was  an  eruptive 
rock.  He  therefore  concluded  that  the  deposit  was  of  eruptive 
origin.  In  1884,  Wadsworth^  proposed  the  name  cumberlandite  for 
this  and  similar  rocks. 

Opposed  to  the  eruptive  theory  at  this  time  were  men  like  Hitch- 
cock' and  Dana,'  who  considered  the  magnetite  to  be  of  ineta- 
morphic  origin. 

At  present  the  igneous  origin  of  the  cumberlandite  is  not  doubted, 
the  general  opinion  being  it  is  probably  a  segregation  from  a  gab- 
broitic  magma. 

OBNEKAL  FIELD  KBLATION8. 

Unaltered  cumberlandite  is  exposed  at  only  one  point  on  the 
western  slope  of  the  hill.  This  area  of  fresh  rock,  about  300  to  400 
square  feet,  passes  over,  with  a  comparatively  narrow  transition 
zone,  into  the  altered  types  that  form  the  greater  part  of  the  hill. 
One  of  the  first  changes  in  the  rock  consists  in  the  alteration  of  the 
fddspar  phenocrysts  to  dark-green  chloritic  aggregates,  in  asso- 
ciation with  which  a  little  actinolite  may  occur.  Such  rock  makes 
up  the  greater  part  of  the  exposures.  As  alteration  progresses  the 
olivine  also  passes  into  chlorite  and  actinolite,  and  in  the  final  stage 
olivine  and  actinolite  are  changed  to  serpentine.  The  analysis  cited 
below,  from  Wadsworth,  was  probably  that  of  a  sample  of  ore  in 
which  the  feldspar  had  undergone  changes. 

•Opu  dt.,  p.  53. 

hWrn^MwatOk,  Iff.  E.,  A  miBrowoiiio  study  of  the  Iron  ore,  or  peildotlta,  of  Tran  Ifliie  HJU,  Cumborland, 
B.L:  Mm.  Oomp.  Zool.  Hwaid  CoUegB  BoU.  7,  im,  pp.  183-1S7. 
eWadfvarth.  Iff.  B.,  LlthologioAl  studios:  Ifism.  Iffns.  Comp.  Zool.  Harrud  CoilOfS,  vol.  11,  1884  p.  89. 
tfHllelieoek,  Edward,  Fiaftl  report  on  the  geology  of  Massachusetts,  1841,  p.  664. 
•DUA,  J.  D.,  Inm  ore  of  Iron  Ifflna  HIU,  Ciunberlaiid,  R.  I.:  Am.  Jour.  8cL,  3d  ser.,  rdL  22, 1881,  p.  153. 
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The  rock  is  cut  by  a  major  system  of  joints  that  is  parallel  to  tixe 
long  direction  of  the  hill  and  has  a  nearly  vertical  dip.  A  minor 
series  of  joints,  approximately  at  right  angles  to  these,  cuts  the  hill 
into  small,  rudely  prismatic  blocks.  Many  of  these  blocks  have  been 
plucked  out  by  the  ice,  leaving  an  irregular  broken  surface.  Shear- 
ing movements  which  have  produced  a  schistose  structure  in  the 
secondary  actinolite  and  chlorite  formed  along  the  joint  planes. 

The  cumberlandite  is  nowhere  exposed  in  contact  with  any  other 
rock,  and  is  separated  from  the  nearest  outcrops  by  barren  areas  for 
a  distance  of  at  least  700  feet.  The  surrounding  rocks  consist  of 
green  chlorite-epidote  schist  and  quartzose  biotite  schist  cut  by 
niunerous  quartz  veins  and  granite  dikes,  granite,  diabase,  and  a 
coarse-grained  metamorphosed  gabbro.  The  gabbro  extends  in  a 
series  of  heavily  glaciated  ridges  around  the  west  side  of  the  hill  for 
a  distance  of  three-quarters  of  a  mile,  obtaining  a  width  of  one- 
quarter  of  a  mile.  It  is  everywhere  separated  from  the  cumberlandite 
by  swamps  and  drift,  so  that  no  contact  can  be  observed. 

The  occurrence  of  inclusions  of  gabbro  in  the  cumberlandite  at 
several  places  indicates  a  not  distant  contact. .  Moreover,  a  line  con- 
necting the  known  northeastern  and  southeastern  limits  of  the  gabbro 
would  pass  close  to  the  supposed  western  limit  of  the  cumberlandite. 
The  evidence,  therefore,  indicates  the  intrusion  of  the  cumberlandite 
into  the  gabbro.  The  basic  character  of  both,  their  titanium  content, 
and  their  occurrence  as  adjoining  masses  surrounded  by  genetically 
imrelated  rocks  suggested  to  Johnson  that  they  are  oflbhoots  from 
a  common  magma.  Such  a  differentiation  within  the  magma  and 
subsequent  intrusion  of  the  one  differentiate  into  the  other  instead 
of  differentiation  in  situ  has,  according  to  the  observations  of  the 
author,  very  frequently  occurred  in  the  case  of  the  titaniferous  mag- 
netites. Though  this  deposit  has  many  features  in  common  with  the 
well-known  Taberg  deposit  in  Sweden,  resemblances  that  are  just  as 
strikingly  brought  out  in  the  metailographic  study  of  the  two  ores, 
this  is  one  essential  difference  in  the  two  deposits.  The  Taberg  ore 
is  an  example  of  differentiation  in  situ.  The  ore,  a  magnetite  oli^- 
enite,  has  segregated  in  the  center  of  a  mass  of  olwine  hjrperite. 
Here  there  is  a  transition  from  country  rock  to  ore;  at  Iron  Mine 
Hill,  the  ore  was  intruded  into  the  gabbro,  and  if  exposed  the  con- 
tact would  be  sharp  and  not  gradational. 

The  gabbro  is  not  cut  by  the  surrounding  granite,  and  no  inclusions 
of  the  granite  or  sedimentaries  in  the  gabbro  are  known.  Positive 
evidence  of  the  relative  ages  of  the  gabbro  and  the  surrounding  rocks 
is  lacking.  Johnson^  suggests  that  the  gabbro  is  yoimger  than  the 
schists  but  older  than  the  granite,  since  such  a  sequence  has  been 
determined  in  the  case  of  a  mass  of  gabbro  surrounded  by  schist 

a  JoluaoD,  B.  L.,  and  Wancn,  0.  H.,  Contributioni  to  the  geology  or  Rhode  Island:  Am.  Jour.  M., 
4th  ser.,  vol.  25,  lanoarj,  1906,  pp-  lO-U. 
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and  granite  at  Norwich,  Conn.,  about  80  miles  southwest  of  Uum- 
beiiand. 

The  gabbro  was  originally  a  rather  coarse-grained  rock,  consisting 
of  labradorite,  averaging  about  AbiAn^  a  purplish  augite  of  distinctly 
diabasic  habit,  an  unusual  proportion  of  iliaenite  in  the  form  of 
laige  grains  closely  associated  with  the  augite,  and  accessory  apatite. 
Shearing  and  metamorphism  have  affected  the  gabbro  mass  uney- 
enly.  The  central  and  southern  parts  are  least  affected;  the  northern 
parts  have  been  more  severely  altered,  and  in  part  changed  intp 
fissile  green  schists. 

OXTXBB&LANDITB. 

The  cumberlandite  has  a  characteristic  appearance  and  can  be 
readily  distinguished  macroscopically  from  all  other  known  citanif- 
erous  magnetites  in  the  United  States.  In  a  grayish-black,  fine- 
grained groundmass  of  irregular  fracture  are  embedded  relatively 
large  tabular  crystals  of  plagioclase.  Two  constituents  of  the  ground- 
mass  can  be  recognized  with  the  eye  alone.  One  is  a  yellowish  glassy 
olivine,  the  other  a  grayish-black  mass  of  magnetite  and  ilmenite. 

Plagioclase  makes  up  about  13  per  cent  of  the  rock.  The  crystals 
average  1  cm.  square  by  2  mm.  thick  and  range  in  size  from  minute 
grains  to  a  maximum  of  2  cm.  square  by  2  to  3  mm.  thick.  The 
common  segregation  of  two  or  more  feldspar  crystal?  gives  the  rock 
a  cumulophyric  texture.  Locally  a  tendency  to  parallel  or  fluidal 
arrangement  is  noticeable,  but  there  is  no  persistent  direction  of 
orientation  maintained.  Though  the  feldspar  is  more  abundant  in 
one  place  than  in  another,  it  has  a  fairly  uniform  distribution  through- 
out the  rock. 

At  the  contacts  between  the  feldspar  and  the  groundmass  reaction 
rims  are  always  developed;  but  they  are  exceedingly  narrow,  rang- 
ing from  0.003  to  0.01  mm.  At  the  feldspar-olivine  contacts,  the 
reaction  rim  consists  of  pale-green  to  colorless  needles  of  actinolite 
that  are  perpendicular  to  the  contact.  At  many  ilmenite-magnetite- 
feldspar  contacts  shreds  of  biotite  appear;  and  in  some  places  they 
occur  as  a  narrow  border  next  to  the  magnetite,  with  a  border  of 
actinolite  on  the  feldspar  side.   * 

The  texture  of  the  groundmass  is  well  shown  on  a  polished  surface 
of  the  ore,  especially  after  etching  with  strong  hydrochloric  acid, 
which  causes  the  dark  glassy  olivine  to  lose  its  high  luster  and  to 
stand  out  as  a  light-yellow  lusterless  substance  in  a  network  of 
magnetite  and  ilmenite.  The  olivine  occupies  somewhat  more  than 
half  of  the  surface. 

In  thin  sections  the  olivine  is  seen  to  consist  of  a  mosaic  of  an- 
hedral  grains  ranging  in  size  from  minute  particles  to  individuals 
5  mm.  long  by  2.5  mm.  wide.  In  general  the  olivine  lacks  crys- 
iailogn4>hic  outlines,  yet  throughout  the  rock  the  magnetite-ilmenite 


44 


TITANIFfiBOUS  ISON   ORES  IK  UNITED  STATES. 


acts  as  the  matrix.     The  following  analysis,  made  by  Warren,  shows 
it  to  be  a  hyalosiderite:  . 

ResulU  of  an  analyns  of  olivine  from  cuniberlandiU. 

Percent. 

SiO, 37.16 

TiO, 07 

Fe,0, 12 

FeO 31.38 

MnO 40 

CaO Trace. 

MgO 31.16 

FeldBpar  (insoluble) 34 


Fe. 


100.63 
24.5 


Spinel  occurs  at  random  in  the  ore  in  the  form  of  minute  subangular 
grains,  reaching  a  maximum  size  of  0.45  mm.  by  0.12  mm.  More  com- 
monly they  are  equidimensional  grains  averaging  0.10  to  0.20  mm.  in 
diameter.  The  spinel  is  seen  in  thin  sections  as  a  dark-green,  feebly  trans- 
parent isotropic  mineral,  which  was  called  glass  by  Wadsworth,  but 
thought  to  be  hercynite  by  6.  H.  Williams.    Warren  calls  it  pleonaste. 

CHEMICAL  COHPOSZnON  OF  QBE. 

The  results  of  a  number  of  analyses  of  cumberlandite  are  available, 
but  the  only  complete  one  is  that  made  by  Warren.  The  available 
results  are  printed  below: 

RenUU  ofanalysa  of  Iron  Mine  HtU  ore. 


Constituent. 

la 

t» 

t« 

4' 

ft  « 

6/ 

19 

8* 

•  ■ 

10/ 

810t 

22.35 

6.26 

14.06 

28.84 

laii 

.43 
1.17 

16.10 
.71 
.42 
.02 
.38 
.18 

Trace. 
.44 
.10 
.02 
.06 
.06 

Trace. 

23.00 
13.10 
27.60 
12.40 
16.30 
2.00 

"i-'oo' 

"2.66* 

22.87 
ia64 

U4.88 

0.0B 
2.05 

.65 
5.67 

.20 
3.05 

30.85 
5.55 

45.02 

0.tt 

20.85 

5.26 

/16.82 

\28.58 

0.63 

90.77 

4.01 

17.22 

26.51 

iao8 

36.33 

58.50 

3.66 

2.10 

.65 

6.80 

/ 

30.41 

A1«0« 

t    . 

FeiOi 

FeO 

TlOf* 

9.36 

9.86 

11.76 

MnO 

.05 

CaO 

.78 
16.45 

.96 
17.60 

.58 
17.96 

McO 

^^    ...■• 

Zn 

HiO 

Trice. 
Trace. 

.66 

2.70 

1.96 

PiO* 

.026 
.067 

.026 
.067 

.103 

8 

.023 

ViOi 

Nttoe. 

CnOi 

NifO 

KiO.'.'. 

COi 

Cu 

Co-NI 

Pb 

Total 

100.74 
32.5 

loaoo 

28.06 

100.00 
32.40 

90.13 
33.03 

99.83 
33.67 

09.78 
32.73 

100.00 
42.85 

Fel 

32.80 

32.84 

33.87 

«  Warren,  C.  H..  Contributions  to  the  seology  of  Rhode  Island.    The  petrography  and  mtamalDsy  of 
Iron  Mine  Hill,  Cumberland:  Am.  Joor.  Sci.,  4th  8er»  vol.  25,  January,  WQS,  p.  34. 
b  Jackson.  C.  T.,  Qtoi,  Surrey  of  R.  I.,  op.  dt..  p.  53. 
c  Thurston.  R.  H.,  quoted  by  Wadsworth:  Mns.  Gomp.  ZooL  Haryaid  CoUefe  BiUL  7, 1881,  p.  186. 

*  Drown,  T.  M.,  quoted  by  wadsworth:  pp.  16-17. 

«  Packard,  R.  L..  quoted  oy  Wadsworth.  M.  E.:  Mem.  Mus.  Comp.  Zool,  Hanrard  College,  toI.  U.  pt 
1,  1884.  Report  of  the  State  Board  (of  Midiiffan)  Oed.  Burvqr  for  the  years  1891-02,  Laoslng.  um, 
p.  95  (ore  wfth  feldspar). 

/  Same  as  fMegoing  (ore  without  feldspar). 

9  Chilton,  — ,  quoted  by  HoUey.  A.  L.:  Trans.  Am.  Inst.  Min.  Eng.,  voL  6, 1878^  p.  226. 

ft  Tenth  Census  U.  8.,  vol.  15. 1886,  p.  667. 

<  Same  as  foregoing,  but  dried. 

i  Data  fkiraWied  by  W.  L.  CamJnfs,  of  the  Bethl^em  8ted  (3ou 

*  ATenfs,  9.7S. 
I  Average,  33.49. 
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Calculating  its  position  in  the  quantitative  classification;  Warren 
found  that  the  ore  lell  in  an  order  and  rank  for  which  there  was  no 
name,  and  at  the  su^estion  of  Prof.  L.  V.  Pirsson  he  proposed  the 
names  rhodare  and  rhodose  from  the  State  in  which  the  rock  occurs. 
The  stem  Cumberland  was  rejected  in  order  to  prevent  confusion  with 
the  better  known  town  of  Cumberland  in  England.  The  mode  as 
calculated  by  Wafren  is  given  below. 

Mode  of  cumberlandUe. 


Mineral. 


Orttiodne 

Labndorite  (Ab^n4) 

OlMoe 

MagneUte 

nuKntte 

Spind 

8i]]pliid«s 


Percentage 

Percent- 

by 
weight. 

age  by 
▼Olume. 

0.66 

0.8 

9.23 

13.7 

46.  OS 

40.4 

20.05 

16.0 

18.68 

16.2 

3.65 

3.9 

1.16 

LI 

Because  the  name  cumberlandite  is  widely  known  its  use  in  this 
discussion  has  been  deemed  advisable. 

JCBTAIiZiOOBAPHIC  DBSGBIFTION  OF  THB  OBB. 

As  already  stated,  the  ore  minerals  form  the  matrix  for  the  olivine 
and  the  other  minerals  of  the  groundmass.  They  occur  in  irr^ular 
areas  of  about  the  same  size  as  the  olivine  grains  or  a  little  smaller,  and 
except  in  the  altered  phases  are  more  or  less  connected  with  each 
other.    They  form  a  little  less  than  50  per  cent  of  the  groundmass. 

When  a  polished  surface  of  the  ore  is  etched  with  hydrochloric 
acid  a  part  of  the  ore  remains  bright,  whereas  the  greater  part  shows 
a  dull-black  background  on  which  a  delicate  reticulate  structure  has 
been  developed.  The  bright  grains,  which  are  ilmenite,  are  usually 
quite  small,  rarely  having  a  maximum  dimension  of  2  mm.,  and  form 
only  a  small  percentage  of  the  ore.  The  reticulated  structure  of  the 
ilmenite  growth  in  the  magnetite  is  especially  characteristic  in  this 
ore.  It  is  marked  by  the  minuteness  of  the  lines  and  the  closeness 
with  which  they  are  crowded.  They  range  in  fineness  from  such  as 
are  shown  in  Plate  I,  A,  down  to  such  minute  intergrowths  as  not  to 
be  resolvable  by  the  magnification  used  in  the  figure.  Such  areas 
are  distinguishable  under  the  metallographic  microscope  from  areas 
of  true  ilmenite  by  their  peculiar  iridescent  luster.  The  coarsest  of 
the  lines  attain  a  length  of  only  0.15  mm.  The  same  delicate  minute 
network  is  also  characteristic  of  the  Taberg  ore  with  which  the  Iron 
Mine  Hill  ore  has  so  often  been  compared  geologically.  The  simi- 
larity of  the  structure  is  brought  out  in  Plate  I,  A  and  B. 
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The  metaUographic  features  of  this  ore  distinguish  it  from  all  the 
other  American  ores  that  were  studied,  as  is  at  once  apparent  from  a 
comparison  of  the  microphotographs  shown  in  this  report. 

POSSIBILITIES  OF  T7TILIZATION. 

The  size  of  the  deposit  and  its  low  phosphorus  and  sulphur  con- 
cent would  'indicate  the  desirability  of  working  it/  However,  more 
than  offsetting  these  advantages  are  its  low  iron  content  and  its 
titaniferous  character.  The  low  percentage  of  iron  could  be  over- 
come by  magnetic  separation  were  not  the  character  of  the  ore  such 
as  to  make  magnetic  concentration  impracticable.  The  magnetite 
and  the  ilmenite  are  so  intimately  intergrown  that  with  the  excep- 
tion of  the  larger  grains  of  ilmenite  the  ilmenite  would  be  concen- 
trated equally  with  the  magnetite. 

The  result  of  a  perfect  separation  of  the  ilmenite  and  the  magne- 
tite from  the  gangue  minerals  can  be  calculated  from  the  mode  of 
the  rock  given  above.  About  one-third  of  the  iron  of  ctunberlandite 
is  contained  in  the  olivine,  and  this  would  go  into  the  tailings,  leaving 
only  two-thirds  or  about  22  per  cent  Fe  for  the  concentrates.  Again, 
assuming  that  one-third  of  the  titanium  could  be  removed  by  the 
separation  of  the  larger  grains  of  ilmenite,  a  percentage  greater  than 
is  actually  the  case,  the  iron  would  be  still  further  decreased  by  more 
than  2  per  cent  and  the  titanium  by  nearly  2  per  cent.  Such  a  per- 
fect concentrate  would  contain,  therefore,  20  per  cent  of  cumber- 
landite  in  the  form  of  iron  and  4  per  cent  in  the  form  of  titanium, 
in  a  bulk  one-third  by  weight  of  the  original  rock.  In  other  words, 
it  would  take  3  tons  of  ore  to  produce  1  ton  of  concentrates  analyzing 
60  per  cent  Fe  and  12  per  cent  Ti. 

A  concentration  made  on  a  commercial  basis  would  show  results 
still  less  favorable.  The  percentage  of  iron  would  fall  below  60  per 
cent  without  a  corresponding  decrease  in  titanium,  as,  with  a  less 
complete  separation,  a  smaller  percentage  of  ilmenite  than  that  as- 
sumed above  would  be  removed.  Consequently  the  cost  of  obtain- 
ing the  degree  of  concentration  necessary  to  produce  a  product  high 
in  iron  would  be  excessive,  even  if  the  resulting  product  would  not 
be  unsalable  on  account  of  its  high  titanium  content. 

NEW  YORK. 

Titaniferous  iron  ores  occur  in  New  York  State  in  the  Adirondack 
Mountains  and  on  the  east  bank  of  the  Hudson  River  below  Peeks- 
kiU. 

DEPOSITS  IN  THE  PEEKSKIIili  REGION. 

At  this  locality  there  is  an  area  of  about  25  square  miles  that  con- 
sists of  rocks  of  the  gabbro  family  known  as  the  Cortlandt  series. 
Associated  with  these  rocks  are  highly  aluminous  titaniferous  ores 


A.    IRON  MINi  H 


a.    TABERG.  SWEDEN,  ORE. 
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which  have  attracted  considerable  attention  both  as  a  source  of  iron 
and  as  a  source  of  emery.  These  ores  differ  from  normal  titaniferous 
magnetites  in  their  low  titaniimi  content  and  in  the  high  percentage 
of  alumina  that  they  carry.  The  percentage  of  TiO,  ranges  from 
0.15  to  4.15  per  cent,  and  that  of  alumina  from  20  to  nearly  50  per 
cent.  Mineralogically  they  consist  of  spinel,  magnetite,  and  corun- 
dum. The  percentage  of  iron  ranges  from  about  30  to  40  per  cent, 
but  averages  about  33  per  cent.  The  deposits  do  not  seem  to  be  of 
any  importance  from  the  standpoint  of  iron  ores,  and  their  titanium 
content  is  so  low  as  not  to  seriously  interfere  with  their  use  in  ordi- 
nary blast-furnace  practice,  especially  if  mixed  with  nontitaniferous 
ores.  Hence  no  special  study  of  them  was  made  in  connection  with 
this  report.    They  have  been  described  by  Dana  "  and  by  Williams.* 

DEPOSITS  IN  THE  ADIRONDACK  REGION. 

The  titaniferous  magnetites  of  the  Adirondack  region  belong  to 
the  normal  type.  The  ores  have  been  studied  in  considerable  detail 
by  Kemp,  and  in  his  papers  are  more  fully  described  than  any  other 
deposits  of  titaniferous  ores  in  the  United  States.  The  most  com- 
plete account  is  that  on  "The  Titaniferous  Iron  Ores  of  the  Adiron- 
dacks."*  More  recently  Newland  ^  published  an  account  of  these 
ores,  which,  however,  he  says  is  based  chiefly  on  the  descriptions 
and  conclusions  of  Kemp.  The  deposits  in  the  gabbros  in  the  town- 
ships of  Elizabethtown  and  Westport  were  again  described  in  1910 
by  Kemp,  some  additions  being  made  to  the  earlier  descriptions.*" 
lliese  articles  refer  to  previous  contributions  and  include  the  infor- 
mation available  at  the  time  they  were  written.  The  following 
descriptions  of  the  occurrences  are  based  chiefly  on  Kemp's  accounts, 
and  are  supplemented  by  additional  information  taken  from  New- 
land's  bulletin  and  observations  made  by  the  author  at  those  depos- 
its visited  by  him. 

DISTBIBTmON  OF  THE  QBE  DEPOSITS. 

4 

The  titaniferous  ores  of  the  Adirondacks  are  associated  in  all  but 
one  doubtful  case  with  rocks  of  the  gabbro  family.  Consequently 
their  distribution  is  determined  by  that  of  the  gabbro  rocks.  The 
principal  area  of  these  rocks  is  in  Essex  and  southern  Franklin  Coun- 
ties, where  they  occupy  about  1,200  square  miles.  Smaller  outlying 
intrusions  are  found  in  Clinton  and  Warren  Counties  and  in  the 

•  Danft,  O.  D.,  Ctoologlcal  reUttloos  of  the  limestone  belts  of  Westchester  County,  N.  Y.:  Am.  Jour.  ScL, 
3d  mt.f  Toi.  n,  1880,  pp.  199-aoo. 

h  WflUuns,  O.  H.,  The  norites  of  the  "Cortlandt  series"  on  the  Hudson  River  near  PeekskiU,  N.  Y.: 
Am.  Jour.  Scf .,  Sd  ser.,  vol.  33, 1887,  pp.  194-199. 

t  Kaiq»,  J.  F.,  19tb  Ann.  Rept.  U.  8.  Qeol.  Survey,  pt.  3, 1899,  pp.  377-422. 

'Newtaad,  D.  H.,  Geology  of  the  Adirondack  magnetic  iron  ores:  N.  Y.  State  Mus.  Bull.  119,  pt.  3, 
1908,  pp.  146-170. 

•  Eenq>,  J.  F.,  and  Ruedemann,  R.,  Geology  of  the  Elliabethtown  and  Port  Henry  quadrangles:  N.  Y. 
8tat«  Mm.  BuU.  138, 1910,  pp.  137-149. 
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western  Adirondacks.    Most  of  the  deposits  occur  in  the  townships 
of  Westport,  Elizabethtown;  and  Newcomb,  in  Essex  County. 

FIELI)  BBLAtlONS  OF  THE  O&BS. 

The  principal  geological  features  of  the  deposits  are  concisely  stated 
by  Kemp  '  and  his  account  is  quoted  nearly  in  full  in  the  paragraphs 
following: 

The  titaniferoufl  ores  of  the  Adirondacks  are  associated  in  all  cases  &  with  rocks  of 
the  gabbro  family  and  with  two  well-marked  varieties  belonging  to  it.  The  two  are 
contrasted  in  appearance  and  are  easily  recognized.  The  lazgest  ore  bodies  are  con- 
tained in  rocks  that  are  chiefly  labradorite,  in  the  coarsely  crystalline  granitoid 
aggregates  that  have  been  called  anorthosite  by  the  Canadian  geologists,  within  whose 
territories  they  are  abundant.  A  little  augite  or  hypersthene  is  always  present  in  a 
very  subordinate  capacity,  and  rims  of  garnet  are  common  around  the  bisilicates. 
The  ores  in  anorthosites  are  limited  to  Newcomb,  Wilmington,  and  North  Hudson 
townships,  and  lie  among  the  highest  peaks  of  the  mountains.  In  their  geological 
associations  and  general  character  they  are  practically  like  the  huge  masses  of  ore  that 
occur  along  the  lower  St.  lAwrence  in  Quebec  and  near  Ekersund  in  southwestern 
Norway. 

The  smaller  ore  bodies,  although  still  of  very  considerable  size,  are  found  in  a  dark 
basic  gabbro  or  norite,  in  which  the  ferromagnesian  silicates  predominate  over  the 
feldsi»r.  Liabradorite  is  the  feldspar  and  green  augite  the  chief  bisilicate.  Hyx>er- 
sthene  is  sometimes  abundant  and  olivine  is  frequently  present.  Small  garnets  in 
granular  rims  about  the  bisilicates  are  quite  invariably  present,  and  shreds  of  biotite 
are  by  no  means  uncommon.  Brown  hornblende  is  an  important  constituent  in  and 
near  the  ore,  and  is  also  common  throughout  the  mass  of  the  rock.  Small,  irregular 
anhedra  of  titaniferous  magnetite  are  always  disseminated  in  the  gabbro,  and  apatite 
is,  of  course,  not  lacking.  In  texture  the  rock  approximates  the  diabasic  granular 
type,  because  of  the  marked  tendency  of  the  feldspar  to  form  lath-shaped  individuals. 

The  ores  in  the  gabbro  are  contrasted  in  physical  appearance  with  those  in  the 
anorthosite.  The  former  are  closely  crystalline  and  dark  gray,  with  a  dense,  compact 
aspect,  like  a  finely  crystalline  igneous  rock.  The  titaniferous  magnetite  is  in  rela- 
tively small  individ\ials  and  is  mingled  with  ferromagnesian  silicates.  The  ore  from 
the  anorthosites  is  coarsely  crystalline,  like  ordinary  magnetites.  It  sometimes  has  a 
bluish  shade,  which  is  regarded  by  many  as  characteristic.  It  lacks  the  abundant 
ferromagnesian  silicates,  and  contains  laige  feldspars  instead.  The  greater  coarseness 
of  crystallization  is  in  great  part  due  to  the  laiger  masses  in  which  it  occurs.  The 
contrasts  in  the  grain  of  the  ores,  however,  are  fully  reproduced  in  the  textures  of  the 
wall  rocks,  and  the  ores  vary  with  the  varying  conditions  under  which  each  has 
crystallized. 

The  anorthosites  and  gabbros  belong  to  a  great  series  of  intrusives  which  have  come 
up  through  older  gneisses  and  crystalline  limestones.  Considered  in  their  entirety, 
the  intrusives  embrace  other  varieties  of  gabbroic  rocks  than  the  two  just  cited, 
varieties  that  lie.  between  them  as  extremes,  but  as  the  intermediate  t3rpes  are  not 
immediately  concerned  with  the  ores  they  are  not  described  in  further  detail.    The 

a  Kemp,  J.  F.,  The  titaniferoua  iron  ores  of  the  Adirandacki:  10th  Aim.  Kept.  U.  8.  Qeol.  Surrey,  pt,  3, 
1899,  pp.  397-399. 

b  A  dngle  exception  is  the  Port  Leyden  mine  in  Lewis  County,  outaide  of  the  main  gabbro  area.  The 
immediate  wall  rock  of  the  deposit  is  not  exposed,  but  it  seems  to  be  associated  with  quarts  gneisses  con- 
taining potash  feldspar.  The  anomalous  relations  of  this  deposit  are  probably  only  apparent  and  it  seema 
reasonable  that,  as  Newland  suggests,  "it  may  be  related  to  some  underlying  magma  from  which  the  ore 
body  represents  an  offshot,  perhaps  intrusive  in  the  granitic  gneiss."  One  should  hesitate  lo  consider  a 
deposit  whoee  relations  to  its  wall  rook  are  as  obscure  as  in  this  case  an  exception  to  a  ruleof  sooh  general 
iq[)plication. 
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intrusives  conespond  to  the  Norian  of  the  Upper  Lauientian  of  the  Canadian  geolo- 
gists, and  thegneiaBes  and  crystalline  limestones  are  the  representatives  of  the  Cana- 
dian Grenville  series.  In  the  nomenclature  adopted  by  the  United  States  Greological 
Smrey,  both  Hie  older  rocks  and  the  intrusives  must  be  included  in  the  Algonkian 
on  account  of  the  presence  of  the  limestones.  After  the  intrusions  of  the  gabbros  and 
aoorChoflites  Hie  Adirondack  region  was  subjected  to  great  dynamic  metamoridiian, 
so  that  the  massive  rocks  were  crushed  and  often  drawn  out  into  gneisses,  and  so 
involved  with  the  older  formations  as  to  greatly  obscure  the  stratigxaphical  relations. 
It  is  rather  rare  to  find  one  of  the  Norian  massive  rocks  that  does  not  duplay  some 
evidence  of  this  metamorphism,  but  in  a  few  cases  limited  areas  of  the  dark  gabbros 
have  escaped  it  to  a  greater  or  less  degree,  and  in  the  western  part  ol  Essex  County 
the  anorthosites  are  not  greatly  affected. 

DBSCBIPTION  OF  OCCT7BBBNCES  IN  EUZABBTHTOWN,  WB8TFOBT, 

AND  MOBZAH  TOWNSHIPS. 

Only  those  occurrences  that  were  visited  by  the  author  are 
described.  They  include  nearly  all  the  more  important  deposits  and 
are  sufficiently  characteristic  to  establish  clearly  the  nature  of  the 
ores. 

SPLIT  BOCK  MINE. 

The  Split  Rock  mine  is  located  on  the  west  shore  of  Lake  Champlain 
in  a  small  cove,  a  half  mile  above  Snake  Den  Harbor  and  5  miles 
northeast  of  Westport.  It  is  on  a  steep  hillside  overlooking  the  lake. 
The  hill  is  a  spur  of  Split  Rock  Mountain  which  is  a  long  ridge  run- 
ning parallel  to  the  lake  shore.  SpHt  Rock  Mountain  consists  chiefly 
of  anorthosite  with  some  gabbro.  The  wall  rock  of  the  ore  is  a 
highly  gametiferous  gabbro.  The  garnet  occurs  throughiDut  the  rock 
in  small  clusters  of  nearly  black  crystals,  giving  the  rock  a  peculiar 
mottled  appearance.  The  plagioclase  of  the  gabbro  consists  of  nuclei 
swarming  with  minute  inclusions  of  pyroxene  and  probably  spinel, 
surrounded  by  areas  of  clear  feldspar.  The  garnet  tends  to  occur  in 
the  areas  of  clear  feldspar  and  closely  associated  with  the  femic 
minerals.  Cutting  the  rock  and  the  ore  are  small  dikes  of  a  white 
rock  varying  from  a  few  inches  to  a  foot  in  thickness.  In  thin  sec- 
tion this  rock  is  seen  to  consist  almost  entirely  of  saussurite  with  a 
few  scattered  bunches  of  augite,  garnet,  and  hornblende. 

Three  ore  bodies  outcrop  within  a  distance  of  200  feet.  The  larger 
of  these,  which  is  the  more  southerly,  has  a  width  of  about  10  feet. 
Two  openings  have  been  made  on  this  ore  body  about  20  feet  apart. 
An  opening  has  also  been  made  in  the  most  northerly  of  the  three 
deposits. 

These  ore  bodies  are  magnetite-rich  lenses  into  which  they  grade 
by  gradual  transition.  Most  of  the  ore  is  a  dark-colored  fine-grained 
rock  of  seeming  good  quahty,  but  polished  sections  show  that  it  is  a 
very  lean  ore.  Plate  II,  A,  shows  a  specimen  of  the  ore  that  has 
been  polished  and  then  leached  with  concentrated  hydrochloric  acid 
until  the  gangue  minerals  are  all  light  colored.    The  relations  and 

88409*»— Bull.  64—13 4 


50   .'^Ti;  UTANIFEROUS  IRON   ORES  IN   UNITED  STATES. 

rf  i .  ti  quantities  of  ore  minerals  and  gangue  are  well  brought  out. 
A  small  amount  of  coarser-grained  ore  occurs  and  this  carries  little 
gangue.  A  peculiar  feature  of  this  ore  and  the  ore  from  Little  Pond^ 
which  has  been  described  by  Kemp,  is  the  occurrence  through  it,  in 
veinlets  and  in  crusts  coating  the  bounding  surfaces  of  cracks,  of  a 
green  isotropic  material  which  is  presumably  a  basic  glass;  the  rela- 
tions of  the  glass  to  the  ore  are  such  as  to  indicate  a  primary  origin 
that  is  a  most  anomalous  phenomenon  in  a  plutonic  rock.  The  fol- 
lowing results  of  analyses  of  wall  rock  and  ore  are  taken  from  Kemp: 

Rendu  of- analyses  of  Split  Rock  gahhro  and  ore. 
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Analyses  1  and  2  have  been  recast  by  Prof.  Kemp.    Analysis  3  could 
not  be  recast  on  account  of  the  great  excess  of  Fe,Og  oyer  FeO. 
The  mineralogical  composition  of  Split  Rock  ore  is  presented  below  ^ 

Mineralogieal  composition  of  Split  Rock  ore  and  gahhro. 
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The  percentage  of  the  iron  in  t  -^  ore  is  very  low  and  the  ore  would 
have  to  be  concentrated  before  it  could  be  used  in  the  furnace.  In 
that  event  5.35  per  cent  of  iron,  present  in  the  femic  minerals  of  the 
gangue,  would  be  lost.  It  would  also  be  desirable  to  eliminate  as  much 
of  the  ihnenite  as  possible,  and  this  carries  10.84  per  cent  of  iron. 
Only  16.63  per  cent  of  iron  is  present  in  the  form  of  magnetite,  and  so 
far  as  possible  the  concentrates  should  consist  only  of  it.  Notwith- 
standing the  low  grade  of  the  ore  an  unsucc  ssful  attempt  was  made 
to  work  it  30  or  more  years  ago,  when  a  dock  was  built  at  the  foot  of 
the  hill  and  a  small  magnetic  concentrator  erected.  The  small  size  of 
the  deposit  and  the  leanness  of  the  ore  make  the  deposit  of  no  value. 

METALLOORAPHIG  DESCRIFEION  OF  ORE. 

The  ore  grains  in  the  lean  ore  range  from  0.1  to  1  mm.  in  diameter 
and  compose  20  to  50  per  cent  of  the  surface.  Ilmenite  grains  are 
somewhat  less  abundant  than  magnetite.  The  magnetite  contains 
comparatively  few  inclusions  of  ilmenite,  and  these  are  principally 
lamellae,  forming  an  open  network  structure. 

The  high-grade  ore  consists  of  coarser-grained  aggregates  of  mag- 
netite and  ilmenite,  ranging  up  to  3  mm.  in  diameter,  and  containing 
little  gangue.  The  ratio  between  ilmenite  and  mf^etite  is  about 
the  same  as  in  the  leaner  ore.  The  ilmenite  intergrowths  in  the  mag- 
netite are  much  more  abundant.  These  show  in  section  a  closely 
crowded  network  of  40  or  more  lines  to  a  millimeter,  as  in  Plate  III,  A, 
and  a  network  made  up  of  very  short  dashes.  In  much  of  the  ore  both 
types  are  present  in  the  same  mf^etite  grain  and  there  may  be  a 
marked  tendency  for  one  series  of  lines  to  be  more  prominent  and  more 
fuUy  developed  than  the  others.  The  effect  then  is  the  same  as  that 
shown  for  the  Little  Pond  ore  in  Plate  III,  B, 

LITTLE   POND  MINES. 

Two  openings  have  been  made  in  ore  bodies  near  Little  Pond,  and 
2  mUes  southeast  of  Elizabethtown.  One  opening,  about  a  quarter 
of  a  mile  north  of  Little  Pond,  is  20  by  20  feet  and  15  feet  deep;  the 
other,  lying  about  an  eighth  of  a  mUe  to  the  southeast,  is  run  into  a 
hillside  about  30  feet  and  has  a  width  of  30  feet  and  a  working  face 
25  feet  high.  The  country  rock  is  the  normal  dark-green  gabbro,  the 
exposures  of  which  are  numerous  in  the  vicinity.  Besides  the  expo- 
sures of  ore  at  the  two  pits,  several  others  were  seen  in  the  neighbor- 
hood. The  outcrops  of  gabbro  between  them  show  that  the  ore 
bodies  are  a  number  of  small  segregations,  and  not  an  entire  hill  of 
ore  inexhaustible  in  amount  as  has  been  stated. 

The  ore  is  very  similar  in  character  to  the  Split  Rock  ore  just 
described.  Most  of  it  is  a  fine-grained  ore  of  seeming  good  quality, 
but  poUshed  sections  show  that  it  contains  much  gangue.    A  small 
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amount  of  coarser-grained  high-grade  ore  also  occurs.  The  ore  also 
contains  the  green  glass  found  in  the  Split  Rock  mine.  The  results 
of  two  analyses  made  by  W.  F.  Hillebrand  are  taken  from  Kemp,  as 
follows: 

ReiuiU  of  analyses  of  LiUie  Pond  ore. 
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a  Represents  ore  from  the  north  pit,  *  Represents  ore  bvm  the  south  pit. 

The  analyses  have  been  recast  by  Kemp,  as  follows: 

Partial  mineralogical  oompontwn  of  LiUU  Pond  ore. 
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METALLOORAPHIC  DESCRIPTION  OF  ORE. 


The  description  given  of  the  Split  Rock  ore  can  be  applied  to  this 
ore  with  little  modification.  It  averages  a  little  coarser  grained  and 
the  ilmenite  intergrowths  in  the  magnetite  are  not  as  closely  packed. 
The  more  usual  spacing  is  8  to  15  lines  per  millimeter.  There  is  also 
the  tendency  for  one  series  of  lines  to  be  more  prominent  than  the 
others.  An  interesting  type  is  where  one  set  of  lamellae  are  heavy 
and  widely  spaced,  and  the  other  two  sets  are  made  up  principally  of 
minute,  closely  crowded  dashes.  Such  a  structure  is  shown  in  Plate 
III,  B. 

TUNNEL  MOUNTAIN   MINES. 

The  Tunnel  Mountain  mines  are  situated  a  mile  to  a  mile  and  a  half 
southeast  of  Little  Pond,  and  3^  miles  southeast  of  Elizabethtown. 
Near  the  foot  of  the  southeast  side  of  the  mountain  are  two  smaU  pits, 
about  200  yards  apart,  showing  lean  ore.  Lack  of  exposures  make  it 
impossible  to  determine  the  extent  of  the  deposits. 

The  largest  opening  occurs  on  the  western  edge  of  the  extreme 
summit  of  the  mountain,  where  a  pit  40  feet  long,  10  feet  wide,  and  40 
to  50  feet  deep  has  been  made.     Two  hundred  feet  below  the  summit 
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and  south  of  the  pit  an  adit  was  commenced  and  run  in  about  100  or 
150  feet.  From  this  tunnel  the  mountain  received  its  name.  The 
ore  body  exposed  here  has  a  length  of  about  300  feet  and  a  width  of 
100  feet.  Beyond  the  exposure  it  passes  over  into  the  country  rock. 
The  latter  is  described  by  Kemp  as  a  gneissoid  norite  with  hyper- 
sthene  the  most  prominent  bisUicate.  The  other  components  are 
green  augite,  brown  hornblende,  plagioclase,  and  garnet.  Thin 
sections  of  the  ore  reYeal,  besides  the  ore  minerals,  brown  hornblende, 
serpentinized  olivine,  garnet,  and  colorless  transparent  labradorite. 
The  ore  ranges  from  medium  to  fine  grained,  and  like  all  ore  of  that 
kind  appears  richer  in  hand  specimens  than  is  actually  the  case. 
Polished  specimens  show  the  presence  of  a  large  amount  of  gangue. 
The  following  are  the  results  of  two  analyses  by  W.  F.  Hillebrand, 
taken  from  Kemp : 

Rendu  of  analyses  of  Tunnel  Mountain  ores. 
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a  Reprasenta  ore  from  the  deposit  at  the  top  of  the  mountain. 

^  Raprasents  ore  from  one  of  the  pita  near  the  foot  of  the  mountain. 

These  analyses,  recast  by  Kemp,  are  as  follows: 

Minerdlogical  composition  of  Tunnel  Mountain  ore. 
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METALLOOBAPHIC  DBSCRIPnON  OF  ORE. 

Gangue  constitutes  from  25  to  more  than  50  per  cent  of  the  surface 
of  the  ore.  The  magnetite  grains  are  about  twice  as  abundant  as  the 
ihnenite,  though  in  places  the  ilmenite  is  nearly  as  abundant  as  the 
magnetite.  Few  grains  exceed  1^  mm.  in  diameter.  Regular  inter- 
growths  of  ilmenite  lamellae  in  the  magnetite  are  not  very  abun- 
dant, and  where  they  do  occur  they  form  a  very  open  structure  and 
are  rather  thin.  Many  of  the  magnetite  grains,  on  the  other  hand,  are 
swarming  with  minute  inclusions  of  ilmenite  which  at  times  show  a 
tendency  to  orient. along  parallel  lines,  suggesting  the  incipient  devel- 
opment of  a  network  structure.  This  type  of  ilmenite  inclusion  is 
discussed  more  fully  and  illustrated  in  connection  with  the  description 
of  the  metallographic  features  of  the  Minnesota  ores. 

LINGQLN   FOND   MINE. 

Three-quarters  of  a  mile  southwest  of  the  road  crossing  the  lower 
end  of  Lincoln  Pond,  and  a  quarter  of  a  mile  back  from  the  pond,  is  an 
open  cut  into  a  steep  cliff  of  gabbro,  which  is  known  as  the  Lincoln 
Pond  or  Kent  mine.  The  location  is  5  miles 'northwest  of  Mineville. 
The  opening  is  15  feet  wide  and  nearly  100  feet  long.  At  the  far  end  a 
shaft  was  put  down,  but  this  is  now  filled  with  water,  so  that  its  depth 
could  not  be  determined  at  the  time  of  inspection.  The  opening  shows 
little  ore,  the  principal  showing  being  on  the  left  side  at  the  far  end. 
There  is  a  gradual  transition  from  gabbro  to  ore  without  any  change 
in  the  size  of  the  constituent  mineral  grains.  Both  ore  and  rock  are 
fine  grained.  The  rock  is  described  by  Kemp  as  varying  from  a  true 
norite  to  a  gabbro  with  accessory  hypersthene.  Garnet  may  or  may 
not  be  present,  and  in  some  places  is  rather  abundant.  It  assumes  at 
times  a  peculiar  fingerlike  development  in  the  plagioclase,  a  feature 
that  has  been  noticed  at  other  places  in  the  Adirondack  gabbros. 

About  50  feet  beyond  this  opening  is  a  small  opening  in  which  is 
exposed  high-grade  coarse-grained  ore  resembling  in  appearance  the 
ore  in  the  anorthosites.  The  contact  between  this  ore  and  the  gabbro 
is  sharp  and  lacking  in  a  transitional  zone. 
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The  following  results  of  analyses  of  wall  rock  and  ore  are  available: 


RetuUs  of  analyses  o/Lmeoln  Pond  i 
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•  ReprespnU  wall  rock.  Analyst,  George  Steiger.  (See  Kemp,  J.  F.,  The  titaniferoua  iron  ores  of  the 
Adinmdacks:  10th  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  3.  1890,  p.  407. 

i  Bepreaents  ore     Analyst.  W.  F.  Hlllebrand.    (See  Kemp,  J.  F..  op.  cit,  p.  407.) 

«  Represents  oic.    Flgmvs  nimlahed  by  W.  L.  Cumlngs  o(  the  Bethlehem  Steel  Oo. 

'  Bepreaents  coMse-cnfaied  high-grade  ore  taken  from  the  small  pit.  Renlts  were  calculated  from 
nsDlts  of  analyses  by  A.  C.  VMojoa,  of  the  Bureau  of  Mines,  of  oooocntzatei  and  laOings  of  a  magnetic 
separation. 

'Not  determined. 

The  high  phosphorus  content  of  the  ore  is  noteworthy  and  is  cor- 
roborated by  the  abundant  apatite  seen  in  thin  sections.  Another 
feature  commented  on  by  Kemp  is  the  presence  of  carbon.  Traces  of 
carbon  were  found  in  the  ores  from  some  of  the  other  localities,  and  in 
this  case  it  amounts  to  0.05  per  cent.  Hillebrand  inferred  the  pres- 
ence of  graphite,  though  this  could  not  be  unquestionably  established. 
Of  the  three  ore  analyses,  analysis  2  alone  represents  the  normal 
titaniferous  ore  in  the  gabbro.  Its  iron  content  is  somewhat  higher 
than  the  average  for  the  region. 

Analyses  1  and  2  have  been  recast  by  Kemp  with  the  following 
results: 

Mineralogical  composition  of  Lincoln  Pond  gabbro  and  ore. 
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MBTALLOORAFHIC  DS8GSIFTION  OF  ORB. 


The  fine-grained  lean  ore  of  this  occurrence  is  similar  to  the  ore 
from  other  occurrences  of  the  region  preyiously  described.  On  the  * 
polished  surfaces  examined  ilmenite  intergrowths  in  the  magnetite 
are  not  very  abundant  and  consist  chiefly  of  swarms  of  minute  dots. 
Such  line  structure  as  is  deyeloped  is  caused  by  widely  scattered 
lamellse,  so  that  the  intersecting-line  pattern  is  not  prominent. 
The  individual  ore  grains  of  the  coarser  oce  reach  a  diameter  of 
5  mm.  or  even  more  in  a  few  cases,  but  the  average  is  between  2 
and  3  mm.  Gangue  minerals  are  almost  lacking.  Polished  sections 
of  this  ore  differ  decidedly  in  appearance  from  most  coarse-grained 
titaniferous  magnetites.  Instead  of  the  sharp  contrast  between 
the  bright  surfaces  of  the  ilmenite  grains  and  the  dull  faces  of  the 
magnetite  most  of  the  surface,  on  being  etched,  takes  on  an  iron- 
gray  to  silver-gray  color.  Bright  surfaces  of  ilmenite  grains  occur 
only  sparingly.  The  duller  grains  of  magnetite  show  an  open-line 
structure  in  which  the  lines  are  not  usually  continuous,  but  are 
made  up  of  a  series  of  dashes  as  shown  in  Plate  IV,  A.  This  figure 
also  shows  the  film  of  ilmenite  that  frequently  outlines  the  magnetite 
grains.  The  more  lustrous  grains  have  the  silvery,  mottled  appear- 
ance of  nontitaniferous  magnetites.  They  differ  from  such,  however, 
in  that  in  places  this  mottled  effect  loses  its  irregularity  and  takes  on 
a  linear  arrangement.  Hence  the  mottling  may  be  due  to  minute 
ilmenite  inclusions  possessing  no  regular  orientation. 

The  results  of  a  magnetic  separation  and  analysis  of  the  products 
of  a  sample  of  the  coarse  ore  bear  out  the  above  metallographic 
description  of  it.  .These  results  follow: 

RenUti  of  magnetic  concentraticn  and  analysis  of  Lineoln  Pond  ore. 
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It  is  thus  seen  that  the  ore  is  low  in  titanium  and  that  only  2.4 
per  cent  of  ilmenite  was  separable. 


DALTOK  ORE. 


A  deposit  known  as  the  Dalton  ore  has  recently  been  prospected  by 
Witherbee,  Sherman  &  Co.  by  means  of  diamond  drilling  and  a 
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small  pit.  It  is  situated  about  1  mile  northwest  of  Feeder  Pond 
and  5i  miles  west  of  Mineyille,  high  up  on  the  east  slope  of  Ash 
Craft  Brook.  The  pit  is  on  the  main  ore  body  and  is  20  by  10  feet 
by  6  feet  deep.  The  relations  of  the  ore  bodies  to  the  country 
rock  are  well  exposed  here  and  hence  the  deposit  is  of  unusual  interest. 
The  country  rock  is  a  greenish  gabbro  with  considerable  dark,  nearly 
black  garnet.  The  garnet  occurs  in  numerous  small  clusters  pro- 
ducing a  rock  resembling  the  garnet-rich  gabbro  of  the  Split  Rock 
mine.  The  ore  outcrops  occur  ^thin  an  area  about  300  feet  long 
parallel  to  the  valley  and  100  feet  wide.  At  the  southwest  end  of 
this  area  the  gabbro  is  cut  by  a  small  pegmatite  dike. 

The  ores  are  much  richer  than  the  average  of  the  region  and  also 
differ  in  that  there  is  no  transition  of  gabbro  into  ore,  so  that  the 
ore  can  not  be  considered  an  iron-rich  phase  of  the  gabbro,  but  it 
appears  in  distinct  schlierenlike  masses  which  seem  to  have  been 
injected  into  their  present  position  while  the  gabbro  was  still  in  a 
molten  condition.  The  contact  between  the  ore  and  the  wall 
rock  is  marked  by  a  distinct  garnet-rich  zone.  The  ores  occur 
in  narrow  veinlets  less  than  an  inch  in  width,  increasing  in  size 
to  larger  masses  which,  in  the  case  of  the  main  ore  body,  attain  a 
width  of  40  feet.  The  small  veinlets  are  usually  homogeneous  in 
character  and  free  from  inclusions  of  country  rock;  the  lai^er  masses 
may  have  irregular  outlines  and  also  contain  inclusions  of  country 
rock.  The  gabbro  in  the  vicinity  is  much  sheared  and  the  ore 
tends  to  lie  parallel  to  the  schistosity,  though  some  veins  plainly 
cut  across  the  schistosity. 

The  ore  contains  little  gangue  and  this  in  some  places  is  principally 
feldspar  and  at  others  principally  femic  minerals.  It  is  about  as 
coarse  grained  as  the  ore  in  the  anorthosite,  which  it  much  resembles 
in  the  hand  specimen.  The  following  results  of  analyses,  with  the 
exception  of  the  Ij^st,  were  furnished  by  Mr.  Le  Fevre  of  Witherbee, 
Sherman  &  Co.  TJie  results  last  given  were  furnished  by  W.  L. 
Cumings  of  the  Bethlehem  Steel  Co.: 

Results  of  analyses  oJDalUm  ore. 
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The  percentage  of  iron  and  titanium  in  this  ore  is  similar  to  that  of 
the  coarse-grained  Lincoln  Pond  ore.  In  megascopic  appearance 
they  are  much  alike.     Though  not  as  well  exposed  at  Lincoln  Pond  as 
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here,  it  was  noticed  there  also  that  the  contact  between  rich  ore 
and  country  rock  was  sharp  and  not  transitional.  Greologically  the 
coarse^ained  Idncohi  Pond  ore  would  seem  to  be  identical  with 
the  Dalton  ore. 

METALLOQIIAPHIC  DXSCRIPTION  OV  ORK. 

« 

The  similarity  of  the  Dalton  ore  and  the  coarse-grained  Lincoln 
Pond  ore  in  geologic  occurrence,  in  appearance,  and  in  composition 
is  likewise  shown  in  microstructure.  Lai^e  grains  of  ilmenite  are 
more  abundant  in  the  Dalton  ore,  but  the  appearance  of  the  etched 
magnetite  is  nearly  the  same.  Some  of  the  duller  magnetite  grains 
show  a  tendency  to  rectilinear  arrangement  of  ilmenite  inteigrowths 
which  are  not  continuous  lines  but  a  series  of  dashes  as  illustrated 
in  Plate  IV,  A.  The  triangular  network  is  faintly  developed  in  a  few 
places.  The  greater  part  of  the  magnetite  has  the  grayish,  mottled 
appearance  described  in  discussing  the  Lincoln  Pond  ore. 

This  ore  and  the  coarse-grained  Liacoln  Pond  ore  differ  from  the 
other  occurrences  of  the  gabbro  in  this  region  in  the  relation  of  the 
ore  to  the  wall  rock,  in  the  higher  iron  content  and  lower  titanium 
content,  and  in  the  lack  of  distinctiveness  of  the  ilmenite  inter* 
growths  in  the  magnetite.  Their  metallographic  features  suggest 
a  close  relation  to  the  low-titanium  ores  in  the  syenite,  such  as  occur 
at  the  Nigger  Hill  mine  on  the  mountain  northwest  of  Lincoln  Pond. 

P088IBILITZB8  OF  TTTILIZINO  THE  ORBS  IN  THE  QABBBO. 

All  of  the  deposits  in  the  three  townships  just  discussed  occur  in  the 
gabbrosi  and  with  two  exceptions  show  the  same  general  charac- 
teristics. Further,  these  characteristics  differ  sufficiently  from  those 
of  the  ores  in  the  anorthosite  to  make  a  separate  discussion  of  their 
commercial  possibilities  necessary.  As  the  ores  in  Newcomb  Town- 
ship, which  are  next  described,  occur  principally  in  the  anorthosite, 
the  economic  aspect  of  the  ores  in  the  gabbro  is  considered  at  this 
point. 

The  facts  in  regard  to  the  individual  deposits  have  been  stated 
in  the  foregoing  detailed  descriptions.  It  is  now  desired  to  give  a 
comprehensive  statement  of  the  possibilities  of  this  class  of  ores 
considered  as  a  whole.  This  phase  of  the  question  is  so  well  pre- 
sented by  Kemp  '  that  his  opinion  is  quoted  verbatim  in  the  follow- 
ing paragraphs: 

Enough  analyses  are  now  in  hand  to  illustrate  in  a  satisfactory  manner  what  may 
be  expected.  The  percentage  in  iron,  titanic  oxide,  phosphorus,  and  sulphur  may 
be  first  summarised  with  the  name  of  the  sampler. 


•  Kflmp,  J.  Fi,  Q«olog7  of  tlM  EUnbethtown  and  Port  Honrj  qoadnosloK  N.  Y.  Stat*  Mw.  Boll. 
I38,l«10.pp.l<7-1«. 
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lUntUa  ofanaiyus  oforeifrom  the  Adirondack  region. 


Source  of  ore. 


BpUiBock..*. 

Do 

TtjranPit 

Tmmcl  Mountain.. 
Little  FoDd 

Do 

linooln  Pond. 

OekHUl 

Kingdom  Works... 
Iron  Mountain 


Sampler. 


J.  F.  Kemp 

O.  W.  Maynard. 

J.  F.  Kemp 

....do 


....do 

....do 

....do 

....do 

Q.  W.  Maynard. 
J.  F.  Kemp 


Fe. 


Percent. 
33.83 
32.59 
24.86 
85.  Q» 
41.57 
20.87 
44.19 
38.98 
32.59 
40.42 


TiOf. 


PereetU. 
15.66 
14.70 
10.56 
16.42 
18.82 
13.07 
12.31 
5.21 
13.15 
16.37 


P. 


Per  cent. 
0.017 


.20 
.000 
Trace. 
.14 
.36 
.06 


8. 


Percent, 
0.14 


.10 
.00 
.06 
.10 
.04 
.04 


It  18  at  once  apparent  that  all  of  these  ores  are  extremely  low  grade,  the  richest  being 
4i.l9  and  only  two  others  reaching  40.  Since  under  present  conditions  and  those 
which  are  likely  to  continue  for  many  years  no  magnetite  under  50  per  cent  in  iron 
ia  of  importance  as  a  source  of  lump  ore,  unless  it  should  have  exceptional  purity  in 
phosphorus  and  sulphur,  be  lacking  in  titanium,  and  be  in  addition  located  near  ft 
furnace,  there  is  little  encouragement  to  look  with  favor  upon  bodies  of  this  type. 

The  percentages  in  phosphorus  and  sulphur  are  also  important  features.  In  sulphur 
the  ores  are  obviously  low.  In  phosphorus  they  are  variable.  In  instances  such  as 
Split  Rock  and  Tunnel  Mountain  they  are  very  low;  in  others  they  are  quite  high,  as  at 
IJncoln  Pond.  There  is  a  somewhat  widely  prevalent  impression  that  the  titaniferous 
ores  always  run  low  in  phosphorus  and  sulphur,  but  this  is  clearly  unjustified.  As 
with  other  ores  each  case  must  be  sampled  by  itself. 

The  presence  of  vanadium  in  these  ores  is  a  matter  of  much  scientific  interest,  and 
since  the  element  has  come  into  such  extended  use  for  high-grade  steels  some  have 
looked  to  the  titaniferous  otw  as  possible  sources.  If  we  summarize  the  results  given 
above,  we  obtain: 

VjO». 

Split  Rock 0.55 

TryanPit 34 

Tunnel  Mountain 61 

Lincoln  Pond 62 

Little  Pond 50 

Do 04 

In  just  what  form  the  vanadium  is  combined  is  unknown.  From  its  chemical 
properties  similar  to  phosphorus  one  would  suspect  some  compound  analogous  to 
apatite,  just  as  we  have  pyromorphite  and  vanadinite,  but  although  the  vanadic  oxide 
exceeds  in  amount  the  phosphoric,  the  mineral  containing  it  has  never  been  isolated. 

Ferrovanadium  is  manufactured  from  vanadium  compounds  by  electrical  processes 
and  contains  about  25  to  27  per  cent  of  this  element.  It  would  appear  as  if  the  per- 
centage of  this  valuable  substance  were  too  low  to  make  it  a  serious  factor  in  the  value 
ol  the  ore,  but  as  the  industry  of  vanadium  is  as  yet  in  its  intocy  one  should  speak 
regarding  its  future  in  a  conservative  spirit.  In  a  vanadium  steel  now  so  higly  prized 
for  its  toughness  there  is  much  less  than  1  per  cent  vanadium.  Elementary  vanadium 
constitutes  77.4  per  cent  of  vanadic  oxide  (VsOg). 

Magnetic  iron  ores  under  60  per  cent  and  not  fulfilling  the  conditions  stated  above 
must  undeigo  magnetic  concentration  if  they  are  to  be  utilized.  It  is  with  regard  to 
thk  method  of  treatment  that  the  recasting  (rf  the  analyses  into  percentages  of  ilmenite 
and  magnetite  has  especial  significance.  The  magnetite  would  be  the  mineral  saved 
and  the  one  upon  which  efforts  would  be  especially  expended.  The  iron  in  the 
ite  we  would  expect,  if  not  hope,  to  lose,  so  as  to  reduce  the  titanium.    The  iron 
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in  the  pyroxene  and  olivine  would  patt  off  in  the  nonmagnetic  taiUngs.  So  far  aa  iron 
is  concerned  we  are  therefore  reduced  to  considering  along  the  magnetite,  and  there- 
fore the  following  tabular  summary  is  presented: 

Mineralogical  compontion  of  Adirondack  oret. 


Source  of  ore. 


Split  Rock 

Do 

TryanPlt 

Tannd  Mountain 

LItUePond 

Do 

Lincoln  Pond 

OtkHill.' 

Kingdom  Works 

Iron  Ifoontdn,  RUcabetlitown 


nmenlte. 

Magnetite. 

29.42 

22.07 

27.05 

82.8 

25.34 

16.71 

80.80 

20.80 

85.27 

88.06 

24.40 

16.24 

22.05 

44.31 

0.70 

44.08 

24.64 

81.06 

30.80 

35.73 

Inmln 
magnetite. 


16.63 

23.74 

12.10 

21.58 

27.56* 

11.76 

82.08 

31.01 

22.50 

25.86 


These  results  show  that  even  if  the  ilmenite  and  magnetite  are  so  coarsely  ihtergtown 
as  to  make  a  separation  feasible  the  grade  of  the  ore  is  too  low  to  make  the  separation  a 
likely  source  of  profit.  On  the  other  hand,  the  ore  is  extremely  hard  and  fine  grained, 
quite  different  from  the  richer  and  more  coanely  crystallized  occurrences  at  Lake 
Sanford,  and  parallels  can  not  be  justly  drawn.  While  the  concentrates  would  doubt- 
leas  be  somewhat  enriched  in  iron  by  ilmenite  which  would  enter  them,  they  would  be 
decreased  by  some  inevitable  losses  in  magnetite,  and  by  just  so  much  as  the  titanium 
exceeded  a  very  small  value,  say  1  per  c€(fit,  the  operators  of  iron  furnaces  under  present 
slag  calculations  would  regard  them  unfavorably. 

The  conclusion  is  quite  irresistible  that  only  by  smelting  in  the  crude  or  lump  form, 
and  by  the  development  of  a  process  which  does  not  find  titanium  objectionable, 
and  under  conditions  where  ores  of  iron  content  of  35  to  45  could  be  utilized,  can  these 
deposits  be  made  available. 

That  these  ores  hold  out  small  economic  possibilities  for  some  time 
to  come  can  be  demonstrated  by  other  considerations  not  mentioned 
above.  With  only  one  or  two  exceptions  they  are  at  present  inac- 
cessible to  proper  transportation  facilities.  To  provide  them  with 
such  would  involve  an  expense  that  would  be  warranted  only  in 
connection  with  veiy  lai^e  deposits.  From  the  nature  of  the  deposits 
there  is  no  reason  to  expect  the  third  dimension^  or  the  extension  in 
depth,  to  be  any  greater  than  the  laiger  of  the  two  surface  dimensions. 
Wherever  the  areal  extent  of  the  deposits  can  be  determined  it  is 
either  small  or^  if  laige,  its  size  is  not  due  to  the  presence  of  a  single 
large  ore  body,  but  to  a  series  of  small  deposits,  between  which  are 
areas  of  barren  country  rock.  Adding  to  this  difficulty  the  leanness 
of  the  ores,  which  makes  the  erecting  of  a  concentrating  plant  neces- 
sary, and  their  titanif erous  character,  the  hope  of  utilizing  these  ores 
within  any  reasonable  period  in  the  future  is  by  no  means  bi^t. 

DBSCBIPTION  OF  OCCXnStBBNCSS  IH  MBWCXXMB  TOWH8HIP. 

Several  titanif  erous  ore  bodies  occur  in  this  townahq[>,  near  the 
headwaters  of  the  Hudson  River,  in  the  neighborhood  of  Henderson 
and  Sanford  Lakes.    The  position  of  these  ore  bodies  is  shown  iu 
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Plate  y.^  Thej  include  the  largest  bodies  of  titaniferous  iron  ore 
in  the  Adirondacks,  and  one  of  them,  the  Sanford  ore  bed,  is  ex- 
ceeded in  size  by  only  one  other  deposit  in  the  United  States,  that 
of  Iron  Mountain,  Wyo. 

As  this  region  was  at  one  time  the  seat. of  the  most  extensive 
operations  yet  conducted  on  titaniferous  ores  in  this  country,  a 
brief  historical  sketch  taken  from  Newland  ^  is  of  interest  here.  The 
sketch  follows : 

Hie  site  of  the  fonner  Adirondack  village  (now  occupied  by  the  Tahawus  Club), 
whidi  was  built  by  the  early  ironworkeiB,  lies  in  the  midst  of  a  wild,  heavily  forested 
ieg;ioii,  shut  in  by  high  elevations  on  all  sides  except  the  south,  where  the  river  has 
worn  a  narrow  valley.  North  Creek,  the  terminus  of  the  Adirondack  branch  of  the 
Delaware  A  Hudson  Railroad,  is  about  30  miles  distant  by  wagon  road,  and  PortHenry, 
on  Lake  Champlain,  about  50  miles. 

Unusual  interest  attaches  to  the  events  connected  with  the  first  developments  of 
the  Lake  Sanford  deposits  and  the  establishment  of  the  local  iron-making  enterprise 
to  utilize  the  ores.«  Following  the  discovery,  which  is  reported  to  have  been 
made  in  1826,  a  tract  of  land  comprising  the  deposits  was  secured  from  the  State 
by  Mr.  A.  Mclntyre  and  associates  who  soon  after  began  active  work.  The  inves- 
tigations of  Prof.  Enmions  in  connection  with  the  geological  survey  of  New  York 
then  in  progress  no  doubt  gave  a  stimulus  to  the  undertaking.  Prof.  Emmons 
published  in  his  reports  an  extended  account  of  the  ore  bodies,  which  he  recog- 
nized to  be  of  enormous  size  and  regarded  as  eminently  adapted  to  utilization. 
He  recommended  the  location  of  iron-manufacturing  enterprises  in  the  vicinity. 
Soon  after  the  publication  of  his  first  report,  or  about  1840,  a  blast  furnace  of  3  or  4 
tons  daily  capacity  was  built  and  placed  in  operation .  This  was  afterwards  remodeled 
so  as  to  enlarge  its  capacity,  and  a  second  furnace  of  12  to  15  tons  was  put  in  blast  in 
1854.  Drawings  of  the  large  stack,  which  remains  to  the  present  day,  with  all  its 
essential  features  have  been  made  by  Mr.  Rossi  and  published  in  the  article  already 
referred  to.  The  installati6n  included  also  puddling  furnaces  and  the  necessary  equip- 
ment for  making  bar  iron.  The  works  were  closed  down  in  1856,  after  which  they 
were  not  again  operated  for  any  length  of  time.  The  product  of  the  furnaces  was 
hauled  over  a  difficult  mountain  road  to  Crown  Point  for  shipment,  and  the  expense 
of  transportation  must  have  been  a  heavy  tax  upon  the  enterprise. 

There  seems  to  be  little  doubt,  judging  from  all  accounts,  that  the  iron  turned  out 
in  the  early  days  was  of  good  quality;  in  fact  it  was  especially  commended  by  Emmons 
and  others;  nor  does  it  appear  that  the  sudden  termination  of  iron  making  was  due 
to  metalluigical  difficulties  in  reducing  the  ore,  though  it  is  probable  that  the  operators, 
at  least  in  the  early  years,  were  unaware  of  the  titaniferous  character  of  the  material. 
From  considerations  based  on  an  analysis  of  slag,  which  was  taken  from  the  dump  near 
the  old  furnace,  Mr.  Rossi  has  expressed  the  opinion  that  the  furnace  chaiges  were 
made  up  on  somewhat  different  lines  than  usually  practiced  in  that  a  proportion  of 
the  country  rock  (anorthosite)  was  added  to  the  limestone  for  flux.  It  may  be  noted, 
however,  that  the  crude  ore  such  as  was  employed  in  the  operations  contains  more 
or  less  of  admixed  rock,  so  that  the  presence  of  the  latter  may  have  been  accidental 
rather  than  intentional. 

•  Dm  map  eomprMng  this  plata  fti  a  leprodnotloD,  with  dight  oorractlon,  of  Plate  16  of  N.  T.  State 
Mot.  BoD.  119. 

ft  Nevlaad,  D.  H.,  QeoloKy  of  the  Adirondack  magnetks  iron  orea:  N.  Y.  State  If  as.  BulL  119,  pt  3. 
190B»]ip.  ltt-15S. 

« A  good  historical  aoooont  of  the  disooTery  and  exploitation  of  the  deposits  will  be  fotmd  In  Watson's 
"History  of  Essex  County."  The  reports  by  Emmons  contain  a  description  of  developments  up  to  1840, 
For  details  as  to  the  blast  idmaoes  and  metallaigical  operations  oonsolt  Rossi,  ''Titaniferous  Ores  in  the 
Blast  Foniaoe":  Trans.  Am.  Inst.  lOa.  Eng.,  vol.  31, 1899-9S. 
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After  lying  idle  for  50  years  the  property  was  taken  over  in  1907  by  a  new  organization 
*  *  *  with  a  view  to  the  exploitation  of  the  ores.  This  company  has  conducted 
a  thorough  investigation  and  intends  to  enter  upon  active  mining  in  the  near  future. 
The  construction  of  a  railroad  is  a  requisite  before  commercial  shipments  can  be  made. 

QENEBAL  FIELD  RELATIONS. 

The  area  under  consideration  lies  within  the  main  anorthosite 
area  of  the  Adirondacks,  near  its  western  boundary.  With  one  or 
two  exceptions  where  the  ore  occurs  in  gabbros^  the  anorthosite 
forms  the  country  rock  of  the  deposits. 

In  its  typical  deyelopment,  the  anorthosite  is  a  nearly  pure  plagio- 
clase  rock  in  which  labradorite  is  the  predominant  feldspar.  The 
texture  of  the  rock  is  coarsely  granitoid,  and  the  length  of  the  feldspar 
crystals  may  reach  several  inches.  It  is  most  commonly  light  blue 
in  color,  but  at  times  it  is  yellow  and  even  black.  Usually  little  else 
than  the  feldspar  can  be  recognized  macroscopically.  In  thin  section, 
however,  augite,  hypersthene,  and  magnetite  are  seen  as  accessory 
constituents  in  widely  varying  amoimts.  Magnetite  and  ilmenite 
are  far  less  abimdant  in  this  rock  than  in  the  gabbros.  The  anortho- 
site has  resisted  crushing  and  mashing  to  a  far  greater  extent  than 
the  gabbros,  and  gneissic  varieties  are  not  so  common.  Where 
crushing  has  taken  place,  garnet,  biotite,  and  caJcite  are  developed 
as  secondary  minerals.  No  results  of  analysis  of  the  anorthosite  of 
this  area  are  available,  but  the  analysis  whose  results  are  given  below 
was  made  by  Prof.  Albert  R.  Leeds  ^  of  a  sample  taken  from  the 
summit  of  Moimt  Marcy. 

Results  ofantilysis  of  anorthosite  from  Mount  Marcy. 
CoDsUtuant.  Per  cent. 

SiOa 54.47 

AljOj 26.45 

FeaO, L30 

FeO 67 

CaO 10.80 

MgO 69 

Na^O 4.37 

K,0 92 

Loss 53 

In  a  few  places  within  the  ore-bearing  area  the  typical  anorthosite 
gives  way  to  a  fine-grained  rock  in  which  the  f emic  minerals  are  more 
abimdant,  forming  a  gradation  to  gabbro.  This  rock  seems  to  have 
been  less  resistant  to  metamorphism  and  in  many  places  shows  a 
gneissic  structure.  In  such  cases  it  contains  considerable  horn- 
blende derived  from  the  pyroxene  and  much  garnet.  The  rock  is 
undoubtedly  a  phase  of  the  anorthosite,  but  in  some  cases  is  not  a 
diflferentiation  in  situ  but  has  been  intruded  into  its  present 
position  in  the  anorthosite  in  the  form  of  dikes. 

•  aoth  Ann.  R«pt.  N.  Y.  Stete  If  us.,  1878i  p.  03. 
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Scale   A-:;^ 
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DE80BIPTION  OF  ORE  DEPOSITS. 

Ore  OGCurB*m  both  the  anorthosite  and  the  gabbro,  but  in  this  area 
the  anorthosite  is  the  more  common  wall  rock.  The  ores  in  the 
gabbro  are  very  similar  to  the  ores  in  that  rock  in  Westport,  Eliza- 
bethtown,  and  Moriah  Townships.  Their  geological  occurrence  and 
their  chemical  composition  are  about  the  same. 

The  ores  in  the  anorthosite  ace  of  more  uniform  character  and  of 
higher  grade  in  iron,  and  also  coarser  grained.  The  gradual  transi- 
tion  from  wall  rock  to  ore  so  common  in  the  gabbros  is  usually  lacking. 
Anorthosite  and  ore  are  in  most  cases  in  sharp  contact,  with  little 
if  any  increase  in  the  amount  of  f emic  minerals  in  the  anorthosite  as 
the  ore  is  approached.  There  seems  to  have  been  a  complete  differ- 
entiation of  the  ferruginous  and  titanif erous  minerals  on  the  one  hand 
and  the  f eldspathic  on  the  other.  In  the  one  rock,  iron  oxide  and 
titaniimi  oxide  crystallized  by  themselres;  in  the  other,  silica, 
alumina,  soda,  and  lime.  The  intermediate  femic  silicates  formed 
in  small  amount,  a  condition  that  Kemp  suggests  was  due  to  the 
lack  of  magnesia.  The  ore  carries  a  very  small  percentage  of  gangue, 
but  in  many  places  contains  crystals  of  labradorite,  which  may 
attain  considerable  size.  The  feldspar  is,  however,  never  in  actual 
contact  with  the  ore  minerals,  but  is  separated  from  them  by  a 
narrow  zone  of  fine-grained  femic  silicates.  Further  details  in  regard 
to  the  character  of  the  deposits  are  given  in  the  descriptions  of  the 
individual  deposits. 

DESGBIPnON   OF    DEPOSITS   IN    OABBBO. 

CHBNEY  POND  ORS. 

The  Cheney  Pond  deposit  is  situate'd  near  the  south  end  of  Cheney 
Pond,  a  little  over  a  mile  west  of  the  road  running  along  Sanford 
Lake.  About  350  yards  south  of  the  lake  is  a  pit  35  feet  wide  and 
20  to  30  feet  deep.  Between  this  pit  and  the  lake  several  diamond- 
drill  holes  were  put  in  a  few  years  ago.  The  cores  of  the  drill  supply 
ioformation  not  otherwise  obtainable  on  account  of  the  lack  of  fresh 
rock  exposures. 

The  rock  is  a  gabbro  gneiss  which  is  very  crumbly  on  weathered 
surfaces.  Garnet  and  magnetite  are  prominent  constituents  through- 
out the  rock.  With  increasing  amounts  of  magnetite  the  rock  grades 
over  into  ore.  A  thin  section  of  the  average  grade  of  ore  shows 
the  ore  minerab  and  plagioclase  as  the  most  abundant  constituents, 
with  the  ore  minerals  forming  about  50  per  cent  of  the  rock.  Augite 
and  garnet  are  also  prominent.  Less  abundant  are  biotite,  apatite, 
and  dark-green  spinel.  The  garnet  and  pyroxene  tend  to  occur 
around  the  periphery  of  the  feldspar  crystals.  Frequently  the 
augite  is  replaced  to  a  great  extent  by  hornblende.    Though  most 
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of  the  ore  is  rather  lean,  there  is  a  little  high-grade  ore  in  which  there 
is  only  a  small  amount  of  gangue.  The  drill  cores  show  that  the 
gabbro  grades  over  into  anorthositic  rock,  so  that  at  this  locality  the 
gabbro  is  merely  a  basic  phase  of  the  anorthosite  and  not  an  intrusiTe 
dike. 

The  results  of  two  analyses  of  the  ore  from  the  pit  have  been  pub- 
lished. One  of  these  represents  the  average  lean  ore;  the  other 
must  have  been  made  from  a  sample  of  the  richer  phase  and  does  not 
represent  the  run  of  these  deposits. 

Retidts  o/analytei  of  Cheney  pit  ore. 
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The  second  analysis  represents  about  the  same  composition  as  the 
ores  in  the  gabbro  in  the  townships  to  the  east  described  on  preceding 
pages. 

MetdUografhie  description  of  ore. — ^The  microscopic  structure  of  the 
ore  presents  little  of  interest.  The  size  of  the  grain  is  roughly  pro- 
portional to  the  richness  of  the  ore.  In  the  higher  grade  ores,  ilmenite 
and  magnetite  grains  attain  dimensions  of  4  mm. ;  in  the  leaner  ores 
they  scarcely  reach  2  mm.  and  average  considerably  less.  The  ratio 
of  ilmenite  to  magnetite  is  variable;  some  sections  show  nearly  all 
ilmenite,  others  only  a  small  amount.  The  average  of  all  the  sections 
examined  shows  the  ilmenite  somewhat  in  excess  of  the  magnetite. 

A  surprising  feature  of  the  magnetite  is  the  almost  entire  absence 
of  ilmenite  lamellae  intergrown  in  it.  Only  here  and  there  was  a  line 
or  two  seen  in  the  magnetite.  On  the  other  hand  the  swarms  of 
minute  ilmenite  particles  possessing  no  regular  orientation  and  giving 
the  magnetite  a  gray,  mottled  appearance  are  abundant.  Besides 
these  there  occur  large  circular  dots  in  dull  magnetite  grains. 

On  the  whole  what  has  been  said  regarding  the  possibilities  of 
utilizing  the  ores  in  the  gabbro  applies  to  this  deposit,  except  that  it 
seems  to  be  considerably  larger  than  the  average. 


OTHKB  00CURBENCB8  IN  OABBRO. 


Exposures  of  iron  ore  in  fine-grained  gabbro  occur  along  Calamity 
Brook  for  some  distance  above  its  mouth.  The  ore  is  first  encoun- 
tered about  200  feet  above  the  mouth  of  the  stream  on  the  north  sidcj 
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where  it  plainly  cuts  the  anorthosite.  About  100  feet  above  this 
point  another  dike  cuts  across  the  brook  in  a  northeasterly  direction. 
For  two  or  three  hundred  yards  there  is  an  alternation  of  this  fine- 
grained rock  and  anorthosite.  In  places  the  contact  between  the 
two  is  a  straight  line,  in  others  the  boundary  is  irregular.  In  either 
case,  however,  the  boundary  is  usually  sharp  and  lacking  in  a  transi- 
tional 2sone.  At  some  of  these  contacts  the  evidence  that  they  are 
intrusive  is  unmistakable.  The  rock  is  characterized  by  an  abundance 
of  magnetite  and  ilmenite  and  by  the  small  amount  of  feldspar  that 
it  contains.  Considerable  pyrite  is  also  present.  A  thin  section 
of  a  richer  phase  of  the  rock  shows  besides  the  ore  minerals  augite 
and  hypersthene  as  the  most  prominent  constituents,  a  little  biotite 
and  spinel  being  noticeable.  Locally  the  ore  minerals  become  abundant 
enough  to  consider  the  rock  a  lean  ore.  On  account  of  the  fine  grain 
and  the  lack  of  salic  minerals;  the  rock  has  a  Uack  appearance  which 
makes  it  look  to  be  much  richer  than  it  really  is. 

The  occurrence  one  mile  east  of  the  Tahawus  Club,  high  up  on  the 
mountain  slope,  is  more  like  the  Cheney  Pond  ore  in  that  it  carries 
considerable  plagioclase. 

Some  of  the  ore  on  the  north  side  of  the  Hudson  River  between  the 
bend  and  Lake  Henderson  is  fine  grained  and  lean,  due  to  the  pres- 
ence of  abtmdant  femic  minerals.  This  is  especially  so  toward  the 
west  end  of  the  ore-bearing  area.  Some  of  the  drill  cores  show  an 
alternation  of  fine-grained  lean  ore  and  coarse-grained  high-grade 
ore.     The  following  section  of  one  of  these  cores  is  given  by  Newland :  • 

Section  from  diamonddriU  core  from  here  hole  on  north  Me  of  the  Hudeon  River  near 

Lake  Henderson, 

Ft.      IXL 

Lean  ore,  consistiiig  at  diaieminated  magnetite  with  feldspar  and  pyroxene. .  19  3 

Rich  ore 30  6 

Bock  and  lean  ore,  alternating 15  . . 

Rich  ore 33  6 

Rock  carrying  some  ore 11  1 

Lean  ore 12  .. 

Rock  and  lean  ore 8  .. 

Rich  ore  alteinating  with  seams  of  rock 10  7 

Rock 5  .. 

144    11 

Though  not  so  stated,  what  is  called  lean  ore  in  this  record  is 
doubtless  of  the  fine-grained  gabbroitic  variety. 

DESGBIPTIOX  OF   ORES  IN  ANOBTHOSrFE. 

The  ores  in  the  anorthosite  attain  their  chief  development  along 
the  Hudson  Biver  between  the  Tahawus  Club  and  Henderson  Lake 

•  Kewland,  D.  H.,  a«ology  of  the  Adirondack  magnetic  iron  ores:  N.  Y.  State  Mna  BolL  119,  pt  3, 
190B,p.  162. 
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and  on  the  west  side  of  Sanford  Hill  overlooking  Sanford  Lake. 
The  former  area  was  the  principal  source  of  ore  for  the  early  iron 
works  operated  here,  and  the  pit  from  which  the  ore  was  taken  is 
called  the  Millpond  pit. 

MILLPOND  ORB. 

The  Millpond  pit  is  on  the  west  side  of  the  river  directly  opposite 
the  mouth  of  Calamity  Brook.  It  is  an  opening  about  100  feet 
long  and  12  to  40  feet  wide,  now  filled  with  water..  The  lower  part 
of  the  walls  of  the  opening  just  above  the  level  of  the  water  shows  a 
coarse-grained  high-grade  ore,  nearly  free  from  visible  gangue 
minerals.  The  upper  part  of  the  walls  around  the  rim  of  the  opening 
consists  of  typical  anorthosite.  The  contact  between  the  two  is, 
therefore,  well  exposed.  The  boundary  is  irregular  in  its  outline, 
but  sharp.  Pure  ore  usually  extends  up  to  the  very  contact.  The 
anorthosite  at  times  contains  small  patches  of  ore  surrounded  by 
reaction  rims.  The  intermingling,  however,  is  by  no  means  suf- 
ficient to  suggest  a  transition  from  ore  to  wall  rock. 

The  reaction  rims  between  the  feldspar  and  the  magnetite  are 
most  beautifully  developed  both  around  feldspar  inclusions  in  the 
ore  and  around  ore  inclusions  in  the  feldspar  in  this  area  and  on 
Sanford  Hill.  The  nature  of  the  rims  varies  considerably.  A  thin 
section  from  the  Millpond  pit  showed  a  well-developed  three-zone 
reaction  rim.  The  large  feldspar  crystals  swarmed  with  minute 
green  spinels  and  acicular  pyroxenes  to  such  an  extent  as  to  render 
the  feldspar  so  cloudy  that  the  twinning  bands  are  nearly  obscured. 
Around  this  nucleus  is  a  zone  consisting  of  clear  feldspar,  pyroxene, 
and  larger  spinel  individuals.  The  feldspar  and  pyroxenes  occiur  as 
a  matrix  inclosing  the  abundant  spinel.  The  second  zone  consists 
of  a  clear  monoclinic  pyroxene  with  very  faint  greenish  tinge.  Along 
fracture  and  cleavage  lines  a  small  amount  of  magnetite  occurs.  The 
third  zone  consists  of  a  pyroxene  of  a  darker  green  color,  the  fractures 
of  which  are  heavily  filled  with  magnetite.  Beyond  this  zone  is  the 
magnetite.  The  width  of  the  rim  where  the  three  zones  are  best 
developed  is  1  mm.;  where  it  becomes  wider  the  zones  lose  their 
distinctness. 

Another  thin  section  from  a  specimen  across  the  river  from  the 
Millpond  pit  showed  a  diflferent  development,  though  it,  too,  had 
three  distinct  zones.  The  feldspar  is  likewise  clouded  by  minute 
inclusions,  but  ruiming  through  it  in  long  fingerlike  and  vermicular 
shapes  are  garnet  crystals.  The  feldspar  inmiediately  adjacent  to 
the  garnet  and,  where  the  garnet  had  developed  abimdantly,  whole 
areas  of  it  are  perfectly  clear,  indicating  that  the  garnet  is  the  product 
of  a  reaction  between  the  feldspar  and  the  minute  inclusions.  Sur- 
rounding these  nuclei  of  feldspar  is  always  a  zone  of  clear  feldspar 
and  garnet.     Next  comes  a  narrow  zone  of  clear  feldspar  nearly 
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free  from  any  other  minerals.  In  the  third  zone  feldspar  is  nearly 
lacking,  and  the  principal  minerals  are  augite,  biotite,  and  chlorite. 
Beyond  this  zone  is  the  magnetite,  which  contains  abundant  inclusions 
of  dark-green  spinel.  As  i^  the  previous  case,  the  zones  are  most 
distinct  where  the  reaction  rim  is  not  too  wide. 

Surface  exposiures  of  the  ore  do  not  indicate  as  extensive  an  area 
as  shown  by  Newland  (PL  V).  Fifty  feet  west  of  the  Millpond  pit  is 
an  exposure  of  anorthosite  that  is  practically  continuous  to  the  top 
of  the  small  knoll  between  the  river  and  Henderson  Lake.  It  may 
be  that  Newland's  boundary  is  based  on  magnetic  surveys.  At  the 
Millpond  pit  the  ore  is  overlain  by  anorthosite,  and  it  is  quite  possible 
that  the  ore  body  continues  westward  under  the  knoll  of  anorthosite. 

The  "Iron  Dam"  is  a  riffle  across  the  river  a  short  distance  below 
the  Millpond  pit,  on  the  surface  of  which  considerable  ore  is  exposed. 
The  ore  is  of  the  same  coarse-grained  character  as  that  of  the  Millpond 
pit,  but  large  feldspar  phenocrysts  are  more  abundant.  It  occurs  in 
the  form  of  several  larger  lenticular  bodies  and  numerous  small 
stringers  running  through  the  anorthosite.  The  relations  at  the  con- 
tact of  ore  and  country  rock  are  the  same  as  those  described  as 
existing  at  the  Millpond  pit.  On  the  east  side  of  the  river,  between 
Calamity  Brook  and  the  sharp  bend  above  it,  are  numerous  exposiures; 
most  of  them  are  of  anorthosite.  At  several  places,  however,  the 
anorthosite  contains  small  lenticular  and  irregular  shaped  ore  bodies 
and  stringers  of  high-grade  coarse-grained  ore,  exhibiting  the  same 
relations  as  the  similar  occurrences  at  the  '^Iron  Dam.'' 

The  contact  between  the  ore  and  the  wall  rock  is  exposed  so  often 
and  so  well  at  the  locaUties  just  described  that  one  can  not  help 
trying  to  pictiu'e  to  himself  just  how  the  ore  came  into  its  present 
position.  In  the  processes  of  magmatic  differentiation,  as  one  ordi- 
narily thinks  of  them,  there  is  a  gradual  locahzation  of  certain  con- 
stituents of  the  magma  imtil  a  product  is  produced  characterized 
by  the  predominance  of  those  constituents.  With  increasing  dis- 
tance from  such  a  differentiated  mass,  those  constituents  should  more 
and  more  decrease  and  the  remaining  constituents  increase  in  quantity 
until  the  averi^e  composition  of  the  magma  is  again  obtained.  This 
change  may  take  place  rapidly,  or  it  may  take  place  slowly.  One  has 
the  feeling,  however,  that  such  a  transition  should  exist.  In.  looking 
at  these  exposures  no  such  picture  is  suggested.  If  a  differentiation 
has  taken  place,  it  has  been  complete.  One  can  put  his  finger  on 
almost  any  point  along  the  contact  and  say  this  is  ore  or  this  is  anor- 
thosite. It  is  difficult  to  get  away  from  the  suggestion  that  the  ore 
has  been  injected  into  the  anorthosite.  Yet  the  irregular  form  of 
some  of  the  ore  bodies,  and  the  numerous  stringers  running  through 
the  anorthosite  in  all  directions  present  difficulties  to  explain.  To 
hare  afforded  passages  for  such  irregular  injections,  the  anorthosite 
must  have  undergone  a  certain  amount  of  crushing  and  shattering. 
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One  of  the  commonest  fonns  of  inclusions  shows  on  the  polished 
section  as  dots  which  are  scattered  oyer  the  surface  in  yar3ring 
amounts.  In  places  they  occur  rather  sparsely;  elsewhere  the  sur. 
face  may  be  thickly  covered  with  them.  Where  most  abundant^ 
they  are  usually  of  minute  size.  They  differ  from  the  swarms  of 
minute  particles  mentioned  in  the  preceding  paragraph  in  that  they 
have  distinct;  somewhat  circular  outlines;  whereas  the  latter  have 
indistinct;  hazy  outlines.  Some  of  the  dots  attain  considerably 
larger  size  and  reach  a  diameter  of  0.05  mm.  The  minute  dots  in 
such  unusual  abundance  as  to  produce  a  clouded  effect  are  seen  in 
Plate  IV;  B.  Interspersed  among  these  are  also  some  of  the  larger 
sized  dots. 

Less  abundant;  yet  prominent;  are  the  tabular  intergrowths. 
More  commonly  the  individual  lamellae  are  rather  short;  and  where 
a  number  occur  in  the  same  plane  the  polished  section  shows  a 
broken  line.  The  lamellsB  may  occur  isolated;  and  in  such  cases 
often  become  thicker  in  proportion  to  their  length  than  the  average. 
When  abundant  they  take  on  the  regular  parallel  rectilinear  arrange- 
ment; producing  a  one-line;  two-linC;  or  three-line  intersecting  pat- 
tern according  to  the  orientation  of  the  section.  This  broken-line 
pattern  is  shown  in  Plate  lY;  B.  The  lamell»  are  not,  however, 
always  short;  but  attain  a  length  of  1  to  2  mm.  and  even  more 
in  places,  producing  a  continuous-line  pattern.  Plate  VI,  A,  shows 
a  number  of  these  larger  lamellae.  The  section  is  also  of  consider- 
able interest  in  that  it  shows  the  magnetite  to  be  twinned.  If  exam- 
ined closely;  it  will  be  seen  that  instead  of  three  series  of  intersecting 
lines  corresponding  to  the  octahedral  cleavage  of  magnetite  there 
are  five  series.  They  correspond  to  the  cleavage  of  a  twin  about  the 
octahedral  f aoC;  and  are  either  four  or  five  in  number  according  to 
the  orientation  of  the  section. 

Another  feature  of  many  of  the  sections  is  the  occurrence  of  a 
narrow  rim  of  ilmenite  about  the  oiitlines  of  the  magnetite  grains. 
This  phenomenon  was  already  noted  in  the  case  of  the  Lincoln 
Pond  ore  (PL  IV;  A). 

In  many  places  a  much  coarser  form  of  inclusion  than  those  just 
described  occurs  around  the  ilmenite  grains.  It  is  in  the  form  of 
a  zone  made  up  of  irregular  particles  of  ilmenite  with  their  longer 
direction  at  right  angles  to  the  ilmenite  border.  Locally  these  par- 
ticles coalesce;  forming  a  continuous  band.  There  is  always  a  nar- 
row strip  of  magnetite  between  the  ilmenite  grain  and  this  zone. 
In  a  few  cases  the  zone  completely  encircles  the  ilmenite  grain,  but 
usually  it  is  discontinuous.    This  effect  is  shown  in  Plate  VI,  B. 

BANVOSD  HHiL  ORB. 

The  Sanford  Hill  ore  is  the  largest  and  most  important  body  of 
titaniferous  ore  in  the  Adirondacks.    It  occurs  on  the  west  slope  of 
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Sanford  Hill  overlookiiig  Sajoford  Lake.  Lack  of  exposures  makes 
impossible  the  determination  of  the  limits  of  the  ore  body.  Diamond 
drilling  during  the  years  1906  and  1907  has  demonstrated  that  the 
ore  continues  practically  to  the  lake.  Magnetic  surveys  show  lines 
of  attraction  that  cross  the  lake  and  merge  with  the  small  ore  body 
on  the  western  shore  below  Big  Island  (PI.  V).  It  may  be  that  the 
ore  continues  under  the  lake  to  the  western  shore.  On  the  east, 
anorthosite  is  encoxmtered  before  the  summit  of  the  hill  is  reached, 
and  the  summit  itself  is  composed  of  anorthosite.  The  lateral 
extent;  "parallel  to  the  lake,  has  not  been  determined,  but  is  stated  by 
Newland  to  be  at  least  a  half  mile.  Drilling  has  proved  its  continu- 
ance in  depth  to  300  or  400  feet,  the  maximum  depth  reached  by  the 
drill. 

This  part  of  the  hill  was  laid  bare  at  the  time  the  drilling  was  done 
preparatory  to  commencing  stripping,  and  a  few  trenches  were  made. 
Besides  these  there  is  an  old  opening  on  the  hillside  with  a  working 
face  about  30  feet  long  and  15  feet  high. 

The  anorthosite  exposed  on  the  east  side  of  the  deposit  is  very 
gneissoid.  The  feldspar  is  nearly  white  and  running  through  it  are 
black  bands  which  in  thin  section  are  seen  to  be  composed  of  dark- 
green  hornblende.  Smaller  particles  of  the  hornblende  are  scattered 
through  the  feldspar.  Anorthosite  is  also  scattered  within  the 
boundaries  of  the  ore  body.  It  seems  to  be  segregated  along  certain 
bands  and  could  easily  be  sorted  in  mining  so  as  not  to  impair  the 
quality  of  the  ore.  A  thin  section  of  the  rock  showed  a  small  amount 
of  augite  that  has  to  a  great  extent  altered  to  hornblende. 

In  the  early  forties  the  deposit  was  prospected  with  considerable 
care  by  Prof.  Emi^ions,  for  whom  a  number  of  pits  were  made  to 
expose  the  ore.  These  pits  have  since  filled  up  and  their  exact  loca- 
tions are  not  known,  but  tiie  details  of  the  observations  are  still 
valuable  in  that  they  show  the  manner  in  which  the  ore  and  the 
country  rock  are  intercalated.  The  most  detailed  of  the  sections 
across  the  ore  body  made  by  Prof.  Emmons  is  here  reproduced  as 
given  by  Newland.* 

Record  of  the  middle  transverse  section  of  the  Sanford  Hill  ore  body. 


Pit 
No. 


IntervaL 


Remarks. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


Feel. 


» 
10 
16 
90 
13 


34 
34 


Fine  gnuralar  fddnMrp  Intermixed  with  iron,  garnet,  and  hornblende. 
Rich  ore  breaking  into  tabular  mnopw. 

Do. 
Ridiore. 

Rich  ore,  mixed  in  a  small  proportion  with  granolar  feldspar. 
Granular  feldspar  in  a  decomposing  state  containing  only  a  small  proportion  of  ore. 
Rich  oce,  mixed  wltti  a  few  scales  of  black  mica  and  feldspar. 
Rich  ore.  mixed  with  garnet  and  feldspar. 
Nearly  tne  same  as  No.  8,  bnt  brighter. 
Rksh  ore  with  a  very  snuul  proportion  of  feldspar. 


•Newland,  1>.  H.,  Geology  of  the  Adirondack  magnetic  iron  ores:  N.  Y.  State  Mas.  Bull.  UO,  pt.  S. 
19Q8,pp.  lfi»-iea 
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Record  of  One  middle  trcmsveree  eection  of  the  Sanford  Hill  ore  body — Continued. 


Pit 

No. 

Interval 

Bemarks. 

Jtet 

11 

22 

Loose  deoompoaed  rock. 

12 

17 

Rich  ore. 

13 

16 

Rich  ore,  with  ftfdspar. 

14 

89 

Rich  grannlar  ore,  with  a  reainoos  luater . 

15 

16 

Lean  ore. 

16 

22 

Principally  rock. 

17 

28 

Pure  ore. 

18 

36 

Do. 

19 

36 

Rich  ore. 

20 

22 

Pttre  ore. 

« 

21 

27 

Do. 

22 

80 

Do. 

23 

29 

Do. 

24 

80 

Ore  mixed  with  garnet 

Rock  mixed  with  partidea  of  ore. 

25 

14 

On  the  basis  of  his  explorations,  Prof.  Emmons  estimated  the  ore 
body  to  contain  6,830,000  tons,  at  a  depth  of  2  feet  below  the  adjoin- 
ing surface.  Besides  being  a  very  large  deposit,  it  is  well  situated 
for  mining,  as  its  topographic  position  on  the  side  of  the  hill  makes 
open-quarry  methods  appHcable. 

The  ore  is  identical  in  character  with  that  at  the  Millpond  pit.  At 
the  old  opening  it  contains  many  large  phenocrysts  of  green  feldspar, 
which  attain  a  length  of  6  cm.  and  more.  These  are  always  sur- 
rounded by  a  reaction  rim  in  which  a  golden-brown  biotite  is  a 
prominent  constituent.  In  thin  section  the  feldspar  is  clouded  by 
the  minute  inclusions  described  in  the  feldspar  at  the  Millpond  pit. 
Surrounding  it  is  a  narrow  zone  of  clear  feldspar  with  larger  green 
inclusions,  many  of  which  are  spinels.  Then  comes  a  broader  zone  of 
femic  minerals,  of  which  the  most  abundant  are  brown  mica  and 
hornblende.  Less  abundant  is  a  nearly  colorless  augite.  Beyond 
this  zone  is  the  magnetite. 

In  the  following  table-  of  analyses,  analyses  1  to  5  are  quoted  from 
Kemp  and  6  and  7  from  Newland,  by  whom  the  original  sources  are 
acknowledged.  Analysis  8  was  calculated  from  analyses  of  concen- 
trates and  tailings  made  by  A.  C.  Fieldner  of  the  Bureau  of  Mines. 

Results  of  analyses  of  Sanford  Hill  ore. 


Conatitoent 

1 

2 

8 

4 

ft 

6 

7 

8 

TlOi 

Percent. 

10.91 

87.60 

.87 

.63 

Percent. 

20.03 

70.73 

2.46 

3.50 

Percent. 
10.52 
70.80 
1.39 
4.00 
.•022 
.028 

61.30 

Percent. 

18.70 

71.03 

1.34 

Percent. 
14.52 

Percent. 
9.45 

Percent. 
14.0 
83.4 

Percent. 
19.02 

FciOi 

SlOi 

1.39 
6.81 

2.09 

AliOi 

vT:!:::.\\:.:...\.\.. 

.007 
.027 

63.36 

8 

Fe 

62.65 

61.22 

61.44 

66.60 

60.5 

66.07 
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In  these  analyses  the  average  percentage  of  Fe  is  56.52  per  cent 
and  of  TiOj  15.77  per  cent.  Computing  the  TiO,  in  terms  of  ihnen- 
ite  and  the  remaining  iron  as  magnetite  we  get  29.96  per  cent 
ibnenite  and  62.81  per  cent  magnetite  in  the  ore,  a  total  of  92.77 
per  cent.  The  composition  is  ainiost  identical  with  that  of  the 
average  of  the  Millpond  ore.  The  two  determinations  for  phos- 
phorus show  the  content  of  that  element  to  be  below  the  Bessemer 
limit;  the  sulphur  content  is  also  low. 

MetaUographie  description  of  ore. — The  microstructure  of  the  San- 
ford  Hill  ore  is  identical  with  that  of  the  Millpond  ore.  The  same 
types  of  intei^rowth  are  found  in  this  ore,  and  it  is  therefore  useless 
fco  repeat  the  descriptions  of  them  at  this  pohit.  The  only  differ- 
ence, if  any,  is  that  the  intergrowths  of  ibnenite  in  the  magnetite 
are  somewhat  less  abundant  in  the  Sanford  Hill  ore. 

POSSIBILITIES   OF  UTILIZING  THE  ORES   IN   ANORTHOSITE. 

The  far  greater  size  of  the  deposits,  the  much  higher  iron  content, 
and  the  coarser  texture  of  the  ores  in  anorthosite  make  them  far 
more  attractive  from  a  commeiicial  standpoint  than  the  ores  found 
in  the  gabbro.  Transportation  facilities  would  have  long  since 
been  provided  if  there  had  been  any  feeling  of  certainty  that  the 
difficulties  caused  by  the  presence  of  titanium  could  be  overcome. 
Numerous  experiments  have  been  made  to  separate  the  titanium 
from  the  ore  by  means  of  magnetic  separation,  and  the  results  of 
some  of  them  are  given  below. 

Kemp  ^  gives  the  following  results  of  analysis  of  concentrates  and 
tailings  of  a  magnetic  separation  of  the  Sanford  Hill  ore: 

Results  of  magnetic  separation  of  Sanford  ore. 


Constituent. 


Concen- 
trates. 


Tail- 
ings. 


TlOt. 


Per  cent. 

4.00 

62.66 


Percent. 
47.50 
36.86 


No  statement  is  made  as  to  the  size  to  which  the  ore  was  crushed 
nor  of  the  ratio  between  concentrates  and  tailings.  If  we  assume  the 
average  composition  of  the  Sanford  Hill  ore  as  the  composition  of 
the  sample  tested,  the  ratio  of  concentrates  and  tailings  can  be 
calculated.  On  the  iron  basis  the  tailings  constitute  25.9  per  cent 
of  the  original  ore,  and  on  the  titanium  basis  27.7  per  cent.  The 
agreement  is  so  close  that  the  mean  26.8  per  cent  may  be  assumed 
to  be  the  amount  of  the  tailings. 

J I       I ■ — — ■ — — —  ^^  ■  -  _ ^ 

•  Kemp,  J.  F.,  The  tttaniforous  iron  ores  of  the  Adirondacks:  19th  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 

i»8,p.4ia. 
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The  possibilities  of  magnetic  separation  of  the  Sanford  Hill  ore 

are  also  discussed  by  Newland,^  whose  statements  are  next  given, 

as  follows: 

A  x>artial  eeparation  of  the  magnetite  and  ibnenite  was  obtained  with  the  ore  from 
the  Sanford  pit  at  Lake  Sanford.  A  sample  was  crufihed  thiough  a  4e-meah  sieve 
and  the  magnetite  removed  with  a  small  hand  magnet.  The  results  from  chemical 
analysis  of  the  crude  ore  (1),  magnetite  concentrate  (2),  and  the  ilmenite  and  other 
residual  minerals  (3)  are  given  herewith.    Tlie  analyses  were  made  by  E.  W.  Morley. 

IU9uU8  ofanalyaes  of  Sanford  pit  ore. 


Constituent. 

1 

• 

1 

8 

FefOi 

PercenL 
55.9 
27.6 
14 

Percent. 

54.39 

28.66 

8.93 

Percent. 
14.28 

Feb!;."::::.:::::::::::::::::::::::::::::;:::::::::::;::::::::;::::::::: 

30.93 

TlOi 

46.23 

It  will  be  observed  that  the  magnetite  concentrate  still  contains  a  considerable 
proportion  of  titanium,  mostly  due,  no  doubt,  to  the  inclusion  of  particles  of  mixed 
character.  By  crushing  still  finer  a  cleaner  separation  may  be  made,  as  has  been 
demonstrated  *  *  *,  The  analyses  are  not  reducible  to  simple  teims  of  magne- 
tite and  ilmenite,  and  further  work  is  needed  before  the  chemical  relations  can  be 
fully  stated.  It  is  quite  likely  that  the  magnetite  itself  carries  a  proportion  of  the 
titanium,  in  which  case  the  entire  removal  of  the  latter  would  be  impossible. 

Another  feature  which  may  promote  the  use  of  the  ores  from  that  locality  is  their 
amenability  to  concentration,  whereby  the  titanium  can  be  reduced  by  at  least  a 
third  of  the  total  or  to  less  than  6  per  cent  probably  as  a  mftTiTniim  limit.  To  the 
courtesy  of  F.  E.  Bachman,  general  manager  of  the  Northern  Iron-Go.,  the  writer  is 
indebted  for  information  concerning  an  experimental  run  made  upon  Lake  Sanford 
ores  at  the  Mineville  magnetic  concentrating  plant  within  the  past  year.  A  40- ton 
sample  was  passed  through  one  of  the  mills  and  the  concentrates  showed  the  following 
percentages:  Fe,  60.00  per  cent;  TiO„  9.66  per  cent  (equivalent  to  5.8  per  cent  Ti). 
The  tailings  from  the  treatment  gave:  Fe,  42.84  per  cent;  Ti02,  32.22  per  cent.  A 
sample  of  the  concentrates  recmshed  so  as  to  pass  through  a  IG-mesh  screen  and 
reconcentrated  by  hand  showed  the  following  percentages  on  analysis: 

Fe 63 

SiO, 1.08 

TiOa 6.26 

AljOa 5.65 

Another  sample  was  crushed  through  a  40-me6h  screen  and  subjected  to  separation 
under  water  with  a  hand  magnet.  Analyses  of  the  concentrates  are  giv^n  below. 
No.  1  is  by  A.  S.  McCreath  &  Son  and  No.  2  by  P.  W.  Shimer. 

Results  ofttoo  analyses  of  Lake  Sanford  ore. 


Constituent. 

1 

1 

Fe 

Percent. 
65.35 
.186 
.14 
5.32 
2.76 
.06 
.76 
.012 
.041 

Peretnt. 
64.69 

Mn . .  , r 

SIO, 

TiOi 

6.49 

AlfOi 

2.59 

^.iv/J. .............................................................................. 

CaO 

lieO 

]?f^:: ::::;;::...::;;:::::;::;;;;;;;;:::;::....::;;::;;;::::::::::::::::::::;: 

.0046 

B 

a  Newland,  D.  H.,  Geology  of  the  Adirondack  magnetic  iron  ores:  N.  Y.  State  Mos.  Boll.  119,  pt.  8, 
1906:  pp.  152,154-155. 
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While  it  would  scaroely  be  practicable,  perhaps,  to  crush  the  ore  to  a  size  that 
would  permit  a  reduction  of  the  titanium  to  the  limits  indicated  in  the  last  analyses, 
there  would  appear  to  be  no  difficulty  in  the  way  of  preparing  concentrates  with  an 
average  of  8  or  10  per  cent  TiOs.  The  loss  of  iron  in  the  tailings  is  the  only  drawback 
to  concentration,  but  in  the  case  of  immense  deposits  like  those  at  Lake  Sanford, 
which  can  be  worked  very  choaag^,  this  could  hardly  be  critical. 

In  none  of  the  above  cases  is  the  ratio  of  tailings  to  concentrates 
given.  In  the  case  of  the  40-ton  sample,  however,  a  ratio  can  be 
calculated  by  again  assuming  the  original  ore  to  have  had  the  average 
composition  of  the  Sanford  ore,  an  assumption  that,  in  view  of  the 
large  quantity  used,  is  fair.  On  the  iron  basis  the  tailings  constituted 
23  per  cent  of  the  original  ore  and  on  the  titanium  basis  27  per  cent. 
The  mean  of  these,  25  per  cent,  should  be  nearly  correct. 

Two  separations  made  by  the  author,  one  on  Sanford  Hill  ore  and 
one  on  Millpond  ore,  did  not  give  results  as  favorable  as  those  above. 
The  analyses  of  the  tailings  and  concentrates  were  made  by  A.  C. 
Fieldner,  of  the  Bureau  of  Mines.     The  results  follow; 

RenUU  ofmagneUc  icpanUion  ofScmford  HiU  ore. 


Quantity. 
TioV.'.'.'.'. 


Un- 

acreenad 

ore. 


Percent. 


55.07 
19.02 


Ore    (liroagh   50- 

mesh,  over  100* 

mesh.* 


Magnetlo. 


Percent. 
78.3 
61.23 
11.15 


Non- 
magnetio. 


Percent, 
21.8 
32.99 
47.20 


Ore 

through 

ecreeo 

finer 

than  100- 

meah.b 


Magnetic. 


Percent. 
75.9 
61.23 
10.47 


a  47  per  cent. 


&  53  per  cent. 


Remits  of  magnetic  uparation  of  Millpond  ore. 


Onantitj. 

Tioiiy.v. 


Un- 

Bcreened 

ore. 


Percent. 


64.47 
18.20 


Ore    through    50- 
meah,  over  100- 


Magnetio. 


Percent. 
83.2 
58.89 
13.18 


Non- 
magnetic. 


Percent. 
16.8 
3X74 
43.03 


Ore 

through 

screen 

finer  than 

100-meah. 


Magnetic. 


Percent. 
85.3 
59.17 
12.28 


A  sample  was  also  prepared  from  the  Sanford  Hill  ore  by  picking 
small  pieces  of  magnetite  from  the  surface  of  etched  polished  sections. 
As  far  as  possible  only  such  pieces  were  taken  as  were  free  from  all 
visible  intergrowths  of  ilmenite.    The  sample  was  further  tested  with 


76  TITANIFEROUS  IRON  ORES  IN  UNITED  STATES. 

a  magnet  to  make  sure  that  it  contained  no  nonmagnetic  particles. 
The  analysis  of  this  sample  made  by  A.  C.  Fieldner  is  as  follows: 

Fe 61.04 

TiOj ILOO 

Prom  the  manner  in  which  this  sample  was  prepared,  the  analysis 
results  given  ought  to  represent  the  most  favorable  results  obtainable. 

In  the  first  two  separations  made  by  the  writer  the  percentage  of 
titanium  was  reduced  by  41.4  and  27.6  per  cent,  respectively.  K  we 
assume  in  the  third  case  the  average  composition  of  the  Sanf ord  Hill 
ore,  the  reduction  was  30.3  per  cent.  The  average  of  the  three  is 
31.1  per  cent,  which  accords  with  Newland's  estimate  that  the 
titanium  content  can  be  reduced  by  a  third. 

The  result  obtained  in  the  test  at  the  Mineville  magnetic-concen- 
trating plant  represents,  therefore,  the  maximum  separation  obtain- 
able; and  the  average  of  a  long  run  of  the  ores  is  not  likely  to  fall  far 
behind  this.  A  conservative  statement  of  the  results  obtainable  by 
magnetic  separation  is  that  concentrates  can  be  produced  running 
about  60  per  cent  Fe,  legs  than  7  per  cent  Ti,  low  in  sulphur,  and  far 
below  the  Bessemer  limit  in  phosphorus,  with  a  loss  of  not  more  than 
25  per  cent  in  the  tailings.  Aside  from  the  titanium  content,  this  is 
a  most  desirable  product  for  the  blast  furnace.  By  mixing  these 
concentrates  with  other  ores  in  a  ratio  between  1  to  2  and  1  to  3,  the 
titanium  content  can  be  brought  down  to  2  per  cent,  a  quantity  that 
would  cause  no  trouble  in  the  furnace.  The  size  and  situation  of  the 
deposit  with  reference  to  easy  mining  methods  are  such  that,  with 
transportation  facilities  provided,  the  concentrates  could  profitably 
be  put  on  the  market  at  the  current  prices.  Of  course  the  prejudice 
against  titaniferous  ores  would  retard  and  probably  make  impossible 
the  sale  of  the  ores  if  put  on  the  market  by  an  independent  operator. 
There  is  no  reason,  however,  why  the  deposits  should  not  be  worked 
by  interests  that  control  their  own  furnaces,  and  it  is  doubtless  a 
question  of  only  a  few  years  before  mining  will  have  been  begun  on 
these  ores. 

NEW  JERSEY. 

Magnetite  ores  occur  throughout  the  pre-Cambrian  rocks  of  the 
New  Jersey  Highlands.  Many  of  these  ores  contain  a  small  amount 
of  titanium,  but  in  only  a  few  instances  does  the  percentage  of  tita- 
nium become  as  high  as  that  usually  contained  in  titaniferous  mag- 
netites. Furthermore,  the  occurrences  with  high  titanium  content 
are  among  the  smaller  deposits  of  the  region,  and  will  never  be  a 
factor  in  the  utilization  of  such  ores.  The  region  was  not  visited  for 
that  reason;  but  because  frequent  mention  is  made  in  the  literature 
of  the  titanium  content  of  the  New  Jersey  ores  a  brief  account  of  the 
deposits  will  be  given. 
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Practically  all  of  the  information  available  in  regard  to  these  ores 

has  been  included  in  the  report  on  ''Iron  Mines  and  Mining  in  New 

Jersey,"  by  W-  S.  Bayley,*  in  which  reference  is  made  to  the  original 

sources. 

FIEIjD  REIiATIONS  OF  REGION. 

The  pre-Cambrian  rocks  of  New  Jersey  consist  of  gneisses,  pegma- 
tites, and  a  series  of  sedimentary  rocks  called  the  Franklin  formation, 
of  which  the  most  important  member  is  a  white  crystaUine  limestone. 

These  pre-Cambrian  rocks  form  a  series  of  ridges  trending  north- 
east, separated  from  one  another  by  intervening  valleys  of  Paleozoic 
rocks,  and  having  a  general  southeast  dip.  Corresponding  to  the 
principal  belts  or  ridges,  the  magnetites  have  been  grouped  into  four 
belts,  known  from  southeast  to  northwest  as  the  Ramapo,  the  Passaic, 
the  Musconetcong,  and  the  Pequest.  Magnetic  iron  ore  occurs  in  all 
of  the  pre-Cambrian  rocks,  but  the  titaniferous  ores  are  conJ&ned  to 
the  gneisses.  The  gneisses  consist  of  alternations  of  potash  rich, 
soda  rich,  and  iron  and  magnesium  rich  rocks,  called,  respectively, 
the  Byram  gneiss,  the  Losee  gneiss,  and  the  Pochuck  gneiss. 

The  origin  of  the  gneisses  is  rather  problematical,  as  they  have 
been  subjected  to  intense  regional  metamorphism.  Wolff  ^  made  a 
microscopic  study  of  the  gneisses  at  Hibemia  and  favors  an  origin 
by  metamorphism  of  sediments.  Westgate,*  who  studied  the  rocks 
on  Jenny  Jump  Mountain,  is  in  doubt  about  the  light-colored  felds- 
pathic  gneisses,  but  favors  an  igneous  origin  for  the  dark  homblendic 
varieties.  Bayley  ^  compares  an  analysis  of  a  specimen  of  the 
homblendic  variety  with  an  analysis  of  an  Adirondack  norite,  and 
finds  them  chemically  almost  identical.  Hence,  though  there  is  evi- 
dence pointing  to  the  existence  of  metamorphosed  gabbroitic  rocks, 
the  relation  of  the  titaniferous  ores  to  such  rocks  is  not  yet  made 
dear.  The  titaniferous  ores  all  occur  within  the  areas  mapped  as 
acid  gneisses,  and  not  within  the  areas  of  the  Pochuck  gneiss.  It 
seems,  however,  that  intercalations  of  Pochuck  gneiss  too  small  to 
map  occur  in  the  acid  gneisses,  as  the  presence  of  such  is  mentioned 
at  the  Richard  mine,  though  none  is  indicated  on  the  map  at. that 
point.    In  other  cases  the  character  of  the  gneiss  is  not  made  clear. 

Direct  evidence  that  any  of  these  ores  are  magmatic  segregations 
in  gabbros  that  have  been  subsequently  metamorphosed  is  lacking. 
The  very  low  titanium  content  of  nearly  aU  of  the  ores,  with  every 
gradation  down  to  ores  practically  free  from  titanium,  compared  to 
the  uniformly  high  titanium  content  of  magmatic  segregations  of 

•  Vol.  7  of  tbe  final-report  series  of  the  State  geologist,  1910. 

>  Wolff,  J.  E.,  Geological  stmcturein  vicinity  of  Hibemia,  N.  J.,  and  its  relation  to  the  ore  deposits: 
Ann.  Rept.  of  State  Geologist  of  New  Jersey,  1893,  pp.  369-369. 

c  Westgate,  L.  G.,  The  geology  of  the  northern  part  of  Jenny  Jump  Mountain,  Warren  County:  Ann. 
Rept.  of  State  Geologist  of  New  Jersey,  1895,  j>p.  21-61. 

d  Op.  cit.,  p.  123. 
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titaniferous  magnetites  must  be  of^  some  signiiScance.  It  has  long 
been  believed,  and  the  belief  is  founded  on  experience,  that  only 
magnetites  segr^ated  in  gabbroitic  rocks  are  titaniferous,  or  cany 
more  than  a  very  small  amount  of  titanium;  and  when  analyses  of 
some  of  these  New  Jersey  ores  were  found  to  run  high  in  titanium  it 
was  only  natiu'al  to  try  to  connect  those  ores  with  rocks  of  that 
character.  A  notable  exception  to  such  a  rule  is  the  contact-meta- 
morphic  titaniferous  magnetite  on  the  Cebolla  Creek  in  Gunnison 
County,  Colo.*  It  is  true  that  the  source  of  the  ore  on  the  Cebolla 
is  a  basic  rock,  nevertheless  the  method  of  origin  was  pneumatolytic, 
showing  that  considerable  titanium  can  be  carried  away  from  the 
magma  by  pneumatolytic  processes.  A  review  of  the  theory  of 
origin  advanced  by  Bayley  to  account  for  the  New  Jersey  magnetites 
is  beyond  the  scope  of  this  report,  and  for  the  present  purpose  it  is 
characterized  as  of  combined  magmatic  and  pneumatolytic,  or 
hydato-pneumatolytic,  origin.  The  gneisses  are  regarded  as  of 
igneous  origin.  After  their  intrusion  and  partial  cooling  ferru- 
ginous portions  of  the  same  magma  were  intruded  into  them.  These 
intrusions  were  subsequently  enriched  from  the  same  source  by  iron- 
bearing  solutions  or  vapors,  which  ''made  the  ore  lenses  that  now 
comprise  the  ore  bodies."  Bayley  makes  no  exception  of  the  ti- 
tanium-bearing deposits,  and  it  seems  very  probable  that  they  belong 
to  this  class,  and  not  to  the  true  ''titaniferous  magnetites"  discussed 
in  this  report. 

It  is  quite  probable  that  a  few  of  the  high  titanium  occurrences 
may  be  exceptions  and  do  occur  in  metamorphosed  gabbros.  Thus 
the  Church  or  Van  Syckle  mine  in  Hunterdon  County  shows  in  a 
series  of  analyses  a  TiO,  content  averaging  about  12  per  cent,  which 
is  well  within  the  limits  of  such  ores. 

THE  TTrANIUM-BEARING  ORES. 

The  table  following  gives  the  analyses  of  those  magnetites^  that 
contain  more  than  1  per  cent  TiO,,  They  are  derived  from  various 
sources,  but  are  compiled  in  a  series  of  tables  in  Bayley's  report,  the 
original  source  being  given  in  each  case. 

•  8m  p.  138. 
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Bayley's  report  also  includes  13  complete  analyses  of  the  ores  in 
which  V3O8  has  been  determined.  These  are  of  interest  in  comparison 
with  the  relation  between  the  ratio  of  TiO,  to  VjOg  in  certain  Canadian 
ores  and  Adirondack  ores  as  developed  by  Pope.^  Pope  found  that 
a  number  of  nontitaniferous  magnetites  which  he  tested  were  free  of 
vanadium,  whereas  the  titaniferous  magnetites  always  showed  some 
vanadium.  Moreover,  the  ratio  of  vanadic  oxide  (V3O5)  to  titanic 
oxide  (TiO,)  in  the  titaniferous  magnetites  from  eastern  Ontario  and 
the  Adirondacks  was  always  in  the  neighborhood  of  1  to  28.  Con- 
sequently he  suggested  that  in  the  titaniferous  magnetites  these  two 
elements,  vanadium  and  titanium,  may  be  related  to  each  other  in  a 
manner  analogous  to  the  relation  of  the  oxides  in  definite  ratios  in 
the  complex  inorganic  oxides  studied  by  Gibbs,  Marignac,  and  others. 

The  following  table  gives  the  percentages  of  TiOj  and  VjO,  deter- 
mined in  the  New  Jersey  ores,  and  the  ratio  of  TiO,  to  VjO^  calculated 
from  them: 

Vanadic  oxide  ojid  tiUmic  oxide  in  the  New  Jersey  ores. 


Mine. 

TlOt. 

VjO,. 

TiO,+ 

v,o». 

lliljeniia 

Percent. 
0.64 
1.29 

.30 
1.30 
1.01 
1.21 
1.25 
1.15 
1.05 
1.00 
LOO 
1.05 

.70 

Percent. 
0.14 
.10 
.11 
.095 
.06 
.21 
.15 
.08 
.08 
.06 
.11 
.13 
.08 

Percent. 
3.2 

Richi^nl ...    

10.7 

Do 

2.3 

Do 

11.3 

Do 

10.4 

Hlbemla 

4.7 

Do 

6.9 

li^ft}nf\Ttl ,          .    , .  ^  ^ 

11.9 

Do 

10.18 

Elizabeth 

11.2 

Do 

8.0 

Hard 

6.7 

Do ^ 

7.2 

It  is  apparent  from  the  table  that  not  only  is  the  proportion  of 
vanadic  oxide  compared  to  the  titanic  oxide  much  greater  in  the 
New  Jersey  ores  than  in  the  ores  studied  by  Pope,  but  also  there  is  a 
wide  variation  from  constancy  in  the  ratio.  The  New  Jersey  ores 
can  not  be  regarded  as  a  fair  test  of  the  ratio,  however,  for,  as  already 
pointed  out,  they  do  not  belong  to  the  true  ''titaniferous  magnetites.'' 
On  the  other  hand,  if  they  are  thrown  out  of  the  class  of  titaniferous 
magnetites,  the  analyses  would  indicate  that  a  vanadium  content 
is  not  characteristic  of  the  titaniferous  ores  alone. 

NORTH  CAROLINA. 

Titaniferous  magnetites  occur  at  a  number  of  localities  in  the 
Piedmont  and  Appalachian  regions  of  North  Carolina,  but  no  deposits 
of  great  promise  are  known.     The  rocks  of  tins  western  half  of  the 

•Pope,  F.  J.,  Investigation  of  magnetic  iron  ores  Ihmi'eaatem  Ontario:  Trans.  Am.  Inst.  Mm.  £ng.,  toL 
20, 1899,  pp.  395-397. 
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State  consist  principally  of  a  complex  of  gneisses,  ranging  from  acidic 
or  granitic  gneisses  to  very  basic  rocks,  as  hornblende  gneisses^ 
granites,  and  other  igneous  rocks.  The  most  recent  and  complete 
account  of  the  titanif erous  magnetites  occurring  in  this  r^ion  is  con- 
tained in  the  bulletin  on  the  iron  ores  of  the  State  by  Nitze.^  This 
report  includes  all  information  in  previous  reports  of  the  State 
survey,  and,  except  for  data  relative  to  the  localities  visited  by  the 
author  of  this  report,  it  forms  the  basis  of  the  following  account. 

As  most  of  the  localities  cited  in  the  North  Carolina  reports  show 
no  evidence  of  the  existence  of  deposits  of  any  importance,  it  was 
considered  useless  to  attempt  to  visit  all,  and  at  the  suggestion  of  Dr. 
J.  H.  Pratt,  State  geologist  of  North  Carolina,  the  author  visited  what 
were  considered  the  two  most  promising  areas,  the  belt  extending 
across  Rockingham,  Guilford,  and  Davidson  Counties,  just  west  of 
Greensboro,  and  the  area  to  the  north  of  Lenoir,  in  Caldwell  County. 

The  general  distribution  and  character  of  the  ores  is  very  briefly 
indicated;  a  more  detailed  description  is  giveh  only  of  the  two  areas 
visited  by  the  writer. 

DISTRIBUTION  ANB  CHARACTER  OF  THE  ORES. 

References  to  the  character  of  the  immediate  country  rock  of  the 
ores  are  very  meager  and  of  a  most  general  nature.  All  that  can  be 
gotten  from  the  literature  is  that  it  is  in  most  cases  a  schistose  f emic 
rock.  No  information  as  to  what  the  original  rock  might  have  been 
is  given.  Little  can  be  said,  therefore,  in  regard  to  the  geology  of  the 
ores. 

Our  knowledge  of  the  character  and  extent  of  the  ores  is  more 
complete,  as  a  large  number  of  analyses  have  been  made,  and  some 
data  are  given  indicating  the  size  of  the  ore  bodies.  The  table  fol- 
lowing gives  the  available  analyses^  arranged  alphabetically  by 
counties.  It  is  the  same  as  that  given  by  Nitze,^  with  five  analyses 
added  in  Guilford  County  taken  from  Lesley/ 

a  Nitze,  H.  B.  C,  A  preUminary  report  on  the  iron  ores  of  North  CaroUnA:  North  OaroUna  Oeol.  Survey 
Ball.  1, 1»3. 

b  Op.  dt.,  pp.  229-23L 

«  Lesley,  J.  P.,  Notes  on  the  titaniferoas  iron  belt  near  Qreensboro,  North  Carolina:  Proc.  Am.  Phil.  Soo., 
roL  12, 1871,  pp.  154-156. 
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These  analyses  show  a  considerable  range  in  TiO,  content;  whereas 
a  number  carry  only  a  small  percentage  of  TiO,,  others  have  such  a 
high  percentage  that  the  ore  must  consist  almost  entirely  of  ilmenite. 
The  phosphorus  ratio  in  nearly  all  of  the  ores  is  below  the  Bessemer 
limit,  and  sulphur  is  low.  The  percentage  of  iron  is  also  high  in 
most  of  the  analyses.  Except  for  their  titanium  contenti  most  of 
the  ores  would  be  classed  as  medium  to  high  grade. 

ALI^EaHANY  COTTITrY. 

A  zone  of  hornblende  schists,  in  many  places  altered  to  steatite  or 
soapstone,  and  carrying  crystalline  grains  of  magnetite,  usually  titan- 
iferous,  extends  across  Alleghany  County  parallel  to  the  Little  River 
and  usually  on  the  south  side  of  it.  Locally  the  magnetite  becomes 
more  abundant  in  the  schists  and  may  be  sufficiently  concentrated 
to  form  small  lenses  of  ore.  On  the  farm  of  Fidden  Carrico,  near 
the  State  line,  several  such  ore  bodies  were  opened  up  about  30 
years  ago  to  supply  a  near-by  forge  in  Virginia  (see  analysis  1). 
These  openings  have  long  since  been  abandoned  and  caved  in. 

A8HE  COUNTY. 

A  belt  of  titaniferous  magnetite  extends  in  a  northeasterly  direc- 
tion from  Helton  Creek  near  Sturgill  to  Little  Helton  Creek,  a  dis- 
tance of  2}  miles.  The  analyses  of  the  ores  in  this  belt  (analyses  2 
to  10)  show  a  moderate  titanium  content. 

At  the  northeast  end  of  the  belt  is  a  series  of  outcrops,  one  of 
which  shows  an  ore  bed  at  least  25  feet  wide.  It  is  a  coarse  granular 
magnetite  practically  free  from  gangue.  The  country  rock  is  in  part 
a  prophyllite  schist  and  in  part  a  hornblende  rock  altering  to  asbes- 
tos. South  of  these  outcrops  is  another  showing  5  feet  of  ore  with  a 
gangue  of  epidote,  feldspar,  and  quartz.  At  the  southwest  end  of  the 
belt  are  several  more  outcrops,  in  which  the  width  of  the  ore  ranges 
from  8  to  15  feet.  The  ore  is  a  fine-grained  magnetite  with  a  gangue 
of  hornblende  and  epidote. 

CALDWELL  COTJNT7. 

Two  localities  in  this  county  were  visited  by  the  writer,  but  neither 
showed  either  large  or  promising  deposits. 

EICHLANDS   COVE  DEPOSrT.   . 

Sixteen  miles  north  of  Lenoir  in  what  is  known  as  the  Richlands 
cove  is  a  body  of  titaniferous  iron  ore  on  the  east  bank  of  the  Yad- 
kin River.  A  small  opening  has  been  made  adjacent  to  the  river 
bank  exposing  a  face  about  20  feet  high  and  40  feet  wide.  This 
titaniferous  mass  occurs  within  a  country  rock  consisting  of  sericitic 
schist.    It  consists  of  small  particles  of  ore  in  a  matrix  chiefly  made 
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up  of  fibrous  and  scaly  aggregates  of  chlorite,  serpentine,  and  talc. 
The  individual  ore  particles  average  less  than  one-half  mm.  in  diam- 
eter, and  rarely  exceed  1  mm.  They  are  very  slightly  magnetic  to 
nonmagnetic.  Two  polished  sections  of  the  ore  etched  with  hydro- 
chloric acid  retained  their  luster  and  showed  no  evidence  of  the  inter- 
growths  of  ilmenite  and  magnetite.  These  facts,  together  with  the 
high  titanium  content  shown  in  the  analyses  in  the  table  (analyses 
13  to  16),  indicate  that  the  ore  particles  consist  chiefly  of  ilmenite.  - 
This  is  further  borne  out  by  the  fact  that  the  sands  along  the  river 
close  to  the  deposits  contain  only  nonmagnetic  ore  particles. 

Just  north  of  the  opening  on  the  river  bank  is  a  small  side  valley 
in  which  a  rock  of  identical  character  outcrops.  This  outcrop  is 
about  300  feet  from  the  river  on  the  north  side  of  the  valley. 

Neither  of  these  deposits  shows  extensive  outcrops,  and  they  seem 
to  be  only  small  intercalations  in  the  more  acidic  country  rock. 
They  imdoubtedly  represent  small  basic  intrusions  that  have  under- 
gone metamorphism  with  the  rest  of  the  region. 

The  titanium  content  is  so  high  that  the  deposits  can  not  be 
regarded  as  iron  ores.  As  sources  of  titanium,  their  inaccessible  loca- 
tion and  seeming  small  size  are  great  drawbacks.  At  present  they 
possess  no  economic  value. 

FARTHING  DEPOSIT. 

On  the  north  side  bf  Warrior  Creek,  6i  mUes  north  of  Lenoir,  there 
are  outcrops  of  an  ore-bearing  rock.  The  rock  consists  principally 
of  a  green  hornblende  schist  carrying  considerable  ore  disseminated 
in  minute  grains  and  in  stringers  of  nearly  pure  ore.  It  occurs  as  an 
int^ercalation  in  more  acidic  schistose  rocks.  Similar  rock  can  be 
traced  for  some  distance  to  the  southwest  by  means  of  smf ace  frag- 
ments, but  no  openings  have  been  made  on  this  occurrence. 

Locally  this  hornblende  rock  contains  richer  portions  of  fine- 
grained ore.  A  thin  section  of  such  a  piece  consisted  principally  of 
the  ore  minerals  and  spinel.  Less  abundant  were  augite  and  horn- 
blende. The  ore  grains  are  less  than  0.5  mm.  in  diameter,  and  do 
not  constitute  more  than  one-third  of  the  mass.  On  etching  polished 
surfaces  of  these  ores,  the  small  magnetite  grains  are  dissolved  out 
without  showing  any  ilmenite  intergrowths,  and  the  polished  sur- 
faces of  the  ilmenite  remain  unattacked.  Further  evidence  that  the 
small  pits  on  the  polished  surface  were  occupied  by  magnetite  is  the 
fact  that  a  considerable  part  of  the  powdered  ore  is  magnetic.  Analy- 
sis 12  shows  the  composition  of  the  ore. 

Adequate  exposures  to  enable  one  to  judge  accurately  the  extent 
of  the  occurrence  are  lacking.  The  richer  parts  of  the  rock  are  so 
lean,  however,  as  to  preclude  any  possibility  of  working  the  deposit. 
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CATAWBA  COUNTY. 

A  belt  of  titaniferous  ore  extends  across  parts  of  Catawba  and 
Lincoln  Ck)unties,  from  a  point  southwest  of  Newton  to  about  9  miles 
west  o£  Lincolnton.  At  the  northeast  end  is  the  Forney  mine, 
which  formerly  suppUed  several  forges  in  the  neighborhood.  The 
ore  is  a  coarse  granular  magnetite^  usually  free  from  gangue,  and 
occurs  in  irregular  pockets  a  few  inches  to  3  or  4  feet  in  thickness. 
The  country  rock  is  called  syenite  in  the  North  Carolina  report. 
An  analysis  of  the  ore  (analysis  17)  shows  a  low  titanium  content. 
Float  ore  foimd  in  this  belt  at  the  southwest  end  also  shows  (analysis 
39)  only  a  small  percentage  of  titanium. 

DAVIDSON  COUNTY. 

See  Guilford  County. 

DAVIE  COUNTY. 

Titaniferous  ores  are  described  at  two  points  in  Davie  County  near 
Mocksville. 

About  5  miles  south  of  MocksTiUci  near  the  mouth  of  Bear  Creek, 
is  a  fair  showing  of  float  ore  for  a  distance  of  600  feet  on  the  old 
Maxwell  place.  Float  ore  can  be  traced  at  intervals  for  1^  miles  to 
the  southwest  to  the  South  Yadkin  Biver.  Tlie  country  rock  is 
described  as  ''hornblende  and  syenitCi  with  occasional  dissemina- 
tion of  magnetite  granules.'^  The  ore  is  a  medium  grain  magnetite 
with  little  gangue  (analysis  20). 

Similar  ore  occurs  7  miles  northeast  of  Mocksville  and  1  mile  east 
of  Kematzer  station.  Several  pits  and  a  shaft  were  put  down  here 
during  the  Civil  War.  The  ore  was  worked  in  a  forge  4  miles  distant 
on  Dutchmen's  Creek.  Float  ore  can  be  traced  faintly  200  to  300 
yards  northeast  and  southwest  of  the  old  shaft  (analysis  21). 

OUILFOBD  COUNTY. 

A  belt  of  titaniferous  magnetite  extends  across  Guilford  County  in 
a  northeasterly  direction,  and  passes  beyond  the  boundaries  of 
Guilford  County  into  Rockingham  County  on  the  northeast  and  into 
Davidson  County  on  the  southwest.  It  lies  to  the  north  and  west 
of  Greensboro.  It  consists  of  two  parallel  subordinate  belts  known, 
respectively,  as  the  Tuscarora  belt  and  the  Shaw  belt,  the  total  length 
of  which  is  30  miles.  The  longer  and  more  persistent  is  the  Tus- 
carora belt.    The  Shaw  belt  hes  several  miles  northwest  of  it. 

The  area  is  one  of  prevailing  granites  and  gneisses  within  which 
are  smaller  bodies  of  gabbro.  Though  evidence  of  the  presencoiof 
the  gabbro  is  obtained  repeatedly  along  the  belt  by  outcrops  and 
surface  fragments,  it  seems  that  the  belt  is  not  one  elongated  mass  of 
gabbro,  but  consists  of  a  number  of  smaller  masses  having  a  linear 
distribution  along  the  belt.    The  ore  bodies  are  segregations  within 
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these  small  gabbro  masses  and  do  not  constitute  a  continuous  body 
extending  the  entire  length  of  the  belt. 

Surface  outcrops  of  the  ore  bodies  are  lacking,  and  as  the  old  work- 
ings hare  all  caved  in  the  character  of  the  ore  can  be  judged  only 
from  the  surface  fragments.  A  detailed  examination  of  the  belt 
was  made  by  Lesley^  for  a  Philadelphia  mining  company,  and  trench- 
ing was  done  at  a  number  of  points  to  expose  the  ore.  Dr.  Lesley 
consequently  had  unusual  opportunities  for  observing  the  ore  bodies, 
and  his  account  of  them  is  the  most  valuable  we  have.  Shortly 
after  this  the  belt  was  visited  by  Prof.  W.  C.  Kerr  and  Dr.  F.  A. 
Genth,  and  described  in  a  report  of  the  North  Carolina  geological 
survey.*  The  descriptive  part  is  taken  mainly  from  Lesley's  report, 
but  16  additional  analyses  made  by  Oenth  are  given.  This  same 
report  was  reprinted  with  slight  alterations  in  1883^  and  again  in 
1893.^    A  brief  sketch  is  also  given  in  the  Tenth  Census  reports.* 

It  is  not  surprising  that  Dr.  Lesley  at  that  early  date  misinterpreted 
the  genesis  of  the  ores.  He  regarded  them  as  bedded  deposits  of 
sedimentary  origin,  and  consequently  the  conclusions  he  drew  as  to 
the  geology  and  structure  of  the  deposits  are  erroneous.  These  are  of 
historical  interest  only  and  will  not  be  repeated  here.  The  records 
of  his  observations,  however,  supply  facts  no  longer  accessible  on  ac- 
count of  the  filling  of  the  old  workings  and  trenches.  The  ore  bodies 
consist  of  strings  of  lens-shaped  «masses,  continually  enlarging  and 
contracting  in  thickness  from  a  few  inches  to  6  and  8  feet.  ''The 
principal  beds  may  be  safely  estimated  at  an  average  of  4  feet,  and  in 
the  best  mining  localities  the  average  yield  of  a  long  gangway  may 
reach  5  feet."  The  occurrence  of  the  ore  body  in  a  series  of  discon- 
nected lenses  is  consequently  verified  by  the  observation  of  Prof. 
Lesley. 

TUSCABORA  MINE. 

This  mine  was  worked  in  the  seventies  by  a  Philadelphia  mining 
company.  Forges  were  erected  on  a  small  stream  a  half  mile  north- 
east of  the  principal  shaft,  and  considerable  iron  is  said  to  have  been 
made.  It  seems  that  the  titaniferous  ores  could  readily  be  smelted 
in  the  old  Catalan  forges  and  yielded  a  superior  grade  of  iron.  The 
Tuscarora  mine  consisted  of  several  shafts  extending  about  a  mUe 
along  the  ore  belt.  The  principal  shaft,  the  Sargeant^  was  situated 
a  mile  and  a  half  north  of  Friendship.  It  reached  a  depth  of  109  feet, 
and  a  tunnel  run  in  from  this  depth  is  said  to  have  cut  a  bed  12  feet 
wide. 

•  Lesley,  7.  P.,  Note  on  the^titanifaroos  iron-ore  belt  near  Oreensboro,  N.  C:  Proo.  Am.  Phil.  Soc.,  vol. 
12, 1871,  pp.  139-156. 

»  Report  of  the  Qeologic&l  Survey  of  North  Carolina,  vol.  1,  W5,  pp.  236-2S0. 

€  Kerr,  W.  C,  and  Hanna,  Q.  B.,  Ores  of  North  Carolina:  Oeol.  Survey  of  North  Carolina,  1888,  pp. 
14»-154. 

'  NItae,  H.  B.  C,  A  preliminary  report  on  the  Iron  ores  of  North  Oarollna:  North  Carolina  Oeol.  Survey 
BnlL  1, 1803»  pp.  60-68. 

«TtethCcDras,  vol.  U,  1886,  pp.  308-311. 
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Outcrops  of  granitic  gneisses  occur  in  the  vicinity  of  the  mine,  but 
the  immediate  country  rock  is  a  gabbro.  It  is  an  olivine  gabbro  with 
diabasic  texture,  in  which  the  feldspar  laths  reach  a  length  of  2^  mm., 
and  the  pyroxene  and  olivine  grains  have  a  diameter  of  1  to  1^  mm. 

No  ore  in  place  is  now  exposed,  but  judging  from  fragments  lying 
about  on  the  surface  it  is  a  medium  to  coarse  grained  ore  of  good  grade, 
in  which  the  principal  gangue  consists  of  tufts  and  seams  of  chlorite 
and  small  quantities  of  material  so  decomposed  as  to  make  it  unde- 
terminable.   Analyses  25  to  27  give  the  composition  of  the  ore. 


METALLOORAPHIC  DBflCBIFTION  OF  ORB. 


Polished  sections  of  this  ore  show  very  striking  features.  Gangue 
minerals  constitute  only  a  small  part  of  the  siurf  ace.  Ilmenite  grains 
make  up  one-fifth  to  two-fifths  of  the  surface;  and  they  range  in  size 
from  2  nmi.  to  0.2  mm.,  though  very  few  fall  below  0.5  mm.  in  diame- 
ter. The  most  striking  feature  of  the  ore  is  the  ilmenite  intergrowths 
in  the  magnetite,  which  attain  a  coarseness  not  approached  in  any  of 
the  other  ores  that  have  been  studied.  Indeed,  so  coarse  are  they  as 
to  be  easily  discernible  with  the  naked  eye.  An  etched  specimen  of 
the  ore  is  shown  ia  Plate  U,  (7,  in  which  the  relations  of  the  ilmenite 
and  the  magnetite  grains  and  the  heavy  ilmenite  laths  in  the  magne- 
tite are  apparent.  The  individual  ilmenite  plates  have  an  average 
length  of  2  mm.,  but  some  attain  a  length  of  as  much  as  4  mm.  The 
space  between  the  parallel  plates  varies  from  0.2  to  0.5  mm.,  and  the 
plates  themselves  may  be  as  thick  as  0.1  mm.  Another  character- 
istic feature  is  protuberances  or  local  thickenings  of  the  plates.  This 
most  frequently  takes  place  at  one  end,  the  other  end  thinning  out, 
giving  an  elongated,  wedge-shaped  appearance.  These  plates  are 
plainly  visible  on  cleavage  faces  of  the  magnetites  on  the  unpolished 
surfaces  of  pieces  that  have  been  etched,  and  are  frequently  coarse 
enough  to  peel  oflF  with  the  edge  of  a  knife  blade.  The  structiu*e  is 
shown  iQ  Plate  VII,  A. 

POSSIBILITIES  OF  ITTILIZINa  ORE. 

The  most  satisfactory  results  of  magnetic  separation  were  obtained 
from  this  ore,  as  shown  below: 

Results  of  magnetic  separation  of  TtLScarora  ore. 


Quantity. 

Fe 

TlOi 


Bcreened 
ore. 


PereenL 


68.07 
12.82 


Ore    ihroTigh    60> 
mesh,  over  lOO* 
mesh.* 


Ore 

through 

screen 

finer  than 

100- 

mesh.b 


Magnetic. 


PereenL 
71.6 
67. 7« 
4.26 


Nonmag- 
netic. 


Percent. 
28.5 
33.76 
34.32 


Magnetic. 


Percent 
70.1 
68.41 
3.64 


a  44.6  per  cent. 


b  65.4  per  cent. 


MINE,  N.  C,  ORE. 


N  LAKE,  MINN.,  ORE.    (X^O.) 
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These  results  show  that  Kttle  is  to  be  gained  by  grinding  finer  than 
SO-mesh;  that  is,  notwithstanding  the  coarseness  of  the  ilmenite 
intergrowths  they  are  still  too  fine  to  be  separated  by  grinding  to 
100-mesh.  This  of  course  is  obvious  from  a  comparison  of  the  dimen- 
sions of  the  intergrowths  given  above  and  the  size  of  the  openings  of 
the  100-mesh  screen.  If  all  the  TiO,  in  the  tailings  is  assigned  to  the 
ilmenite,  they  contain  about  75  per  cent  ilmenite,  with  a  residue  of 
6.38  per  cent  Fe.  Some  of  this  iron  occurs  in  the  gangue  minerals 
present,  so  that  very  little  magnetite  is  lost  by  adhering  to  the 
ilmenite  or  gangue.  Although  the  titanium  content  of  the  concen- 
trate is  still  higher  than  is  acceptable  in  present  blast-furnace  prac- 
tice, the  concentrate  is  so  high  grade  that  it  would  make  an 
acceptable  ore  to  mix  with  titanium-free  ore. 

Kerr  *»  gives  the  results  of  a  magnetic-separation  test  made  with 
a  common  magnet  on  ore  obtained  from  this  same  belt  several  miles 
northeast  of  the  Tuscarora  mine.  They  are  even  more  favorable 
than  those  presented  above. 

Results  of  magnetic-separation  test  of  Thiscarora  ore. 


Constituent. 


Fe..,. 
TiOt. 
SiOs.. 


Natural 
ore. 


Per  cent. 
41.95 
15.35 
12.76 


Magnetic. 


Per  cerU. 

67.60 

1.27 

1.30 


Nonmag- 
netic. 


Percent. 
21.63 
16.20 
26.80 


TBUEBLOOD  PLANTATION  ORE. 

About  2  miles  northeast  of  the  Tuscarora  mine,  on  the  south  side 
of  Brushy  Creek,  a  little  work  has  been  done.  The  ore  here  also 
occurs  in  association  with  a  gabbro.  The  gabbro  is  strongly  urali- 
tized  and  the  feldspar  suJBiciently  altered  to  make  the  twinning 
obscure  in  places.  Diabasic  texture  is  far  less  prominent  than  in 
the  rock  of  the  Tuscarora  mine,  and  often  lacking  entirely.  The  aver- 
age size  of  the  grains  is  about  2  mm. 

The  ore  is  not  quite  as  coarse  'as  the  Tuscarora  mine  ore,  and 
etched  sections  do  not  show  the  intergrowths  as  abundantly  .  Other- 
wise the  ore  at  the  two  localities  is  very  sunilar  in  appearance. 

APPLE  PLANTATION  GEE. 

Some  pits  were  put  down  on  the  Apple  plantation  just  over  the 
line  in  Rockingham  County,  southeast  of  the  Haw  River,  but  they 
are  all  filled  now.  Fragments  of  ore  found  on  the  surface  are  similar 
to  the  ore  foimd  on  the  Trueblood  plantation.  Of  special  interest  to 
this  locality  are  fragments  of  pink  and  gray  emery.     The  occurrence 

«  Report  of  the  Oeological  Survey  of  North  Carolina,  voL  1, 1876,  p.  245. 
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of  emery  in  this  belt  is  first  mentioned  in  Kerr's  report,*  in  which  he 
gives  two  analyses  made  by  Oenth.  One  analysis  is  of  a  reddish 
granular  ore  (analysis  52)^  which  he  describes  as  follows:  ''It  has 
much  the  appearance  of  a  granular  reddish-brown  gameti  for  which 
it  has  been  mistaken,  until  the  analysis  proved  it  to  be  not  a  silicate 
mixed  with  granular  magnetite,  but  conmdum."  The  other  is  of  a 
granular  grayish  ore  (analysis  53)  described  as  follows:  ''This  is  of  a 
similar  quality  and  is  found  at  the  same  locality;  the  minute  grains 
of  corundum  have  a  yellowish  or  brownish-white  color,  and  show  in 
many  places  cleavage  fractures,  which  give  it  the  appearance  of  a 
felspathic  mineral."  No  mention  is  made  of  the  locality  where  these 
specimens  were  found.  Pratt  and  Lewis  ^  state  that  the  exact  loca- 
tion is  not  now  known,  and  give  the  McCarviston  or  McCuiston  place, 
7  miles  northeast  of  Friendship,  in  Guilford  County,  as  the  probable 
location.  The  specimens  found  on  the  old  Apple  plantation  fit  the 
description  given  by  Kerr  exactly,  and  as  no  such  material  was  found 
anywhere  else  in  the  belt,  it  seems  probable  that  this  is  the  locality 
from  which  Kerr's  specimens  were  obtained.  The  rock  was  not 
found  in  place  and  no  conclusions  could  be  drawn  as  to  the  occurrence 
and  size  of  the  deposit. 

DANNEMOBA  MINE. 

Some  work  was  done  on  the  Shaw  belt,  3  miles  west  of  Summerfield, 
but  the  only  extensive  workings  were  those  on  the  north  side  of  the 
Haw  River,  close  to  the  line  between  Gruilford  and  Rockingham 
Counties.  Ore  was  worked  from  pits  in  Revolutionary  times,  and 
hauled  to  Troublesome  Forge,  5  miles  to  the  north.  Subsequently 
a  Philadelphia  mining  company  worked  the  Dannemora  mine  on  this 
property.  The  following  description  of  the  mine,  given  by  Bailey 
Willis  in  the  Tenth  Census  report,*'  is  quoted  because  it  gives  the  size 
of  one  of  the  ore  lenses: 

The  first  work  was  done  in  incline  No.  1.  According  to  the  statement  of  the 
superintendent  the  ore  gave  out  10  feet  from  the  surface  but  was  found  again  20  feet 
farther  down;  it  widened  to  12  feet,  which  is  the  thickness  90  feet  from  the  surface 
in  the  incline,  70  feet  vertically.  At  this  depth  a  drift  has  been  driven  along  the 
vein  and  stoping  has  been  begun.  A  small  winze  has  been  sunk  20  feet  farther  on 
the  incline,  and  the  ore  is  said  to  narrow  to  1  foot  in  thickness.  Before  the  horizontal 
drift  reached  the  second  incline  the  ore  was  pinched  out  by  the  granite  walls. 

As  the  ore  body  thus  opened  gives  out  just  beyond  incline  No.  1,  its  dimensions 
are  pretty  well  ascertained .  It  is  approximately  125  feet  long,  80  feet  in  incline  width, 
and  12  feet  thick.  The  drift  has  been  extended  to  another  lens  of  the  same  thickness, 
northeast  of  it,  and  the  surfaice  outcrops  and  trenches  indicate  the  existence  of  others 
to  the  sou  thwest .    The  ore  is  accompanied  by  chlori  te  and  mica,  which  are  sufficiently 

a  Report  of  the  Geological  Survey  of  North  Carolina,  vol.  1, 1S76,  p.  240. 

fr  P^tt,  J.  H.,  and  Lewis,  J.  V.,  Corundum  and  the  peridotitea  of  western  North  Carolina:  North  Canr 
llna  Oeol.  Surrey,  vol.  1, 1905,  pp.  269-264. 
c  Tenth  Census,  vol.  15, 1886,  p.  308. 
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decomposed,  even  at  the  depth  of  the  tunnel,  to  be  readily  dug  with  a  pick.  The  ore 
ifl  separated  on  the  surface,  by  screening,  into  lump  and  fine  ore,  the  former  being 
shipped  for  fettling,  the  latter  for  blast-furnace  use. 

The  ore  lying  about  the  old  workrogs  is  somei^at  leaner  than  the 
Tuscarora-mine  ore.  It  consists  of  a  similar  granular  aggregate  of 
ilmenite  and  magnetite  with  the  gangue  minerals,  but  the  individual 
grains  seldom  exceed  1  mm.  in  diameter,  and  most  of  them  are  about 
0.5  mm.  Inteigrowths  of  ilmenite  in  the  magnetite  grains  are 
almost  lacking. 

SUMMABT. 

The  titanium  content  of  these  ores  is  about  the  normal  one  for 
titaniferous  magnetites.  Of  the  large  number  of  available  analyses 
the  average  TiO,  content  is  about  13  per  cent.  The  ilmenite  and  the 
magnetite  occur  as  granular  aggregates  in  the  ores  in  such  a  manner 
that  most  of  the  titanium  can  be  eliminated  with  little  loss  of  magnet- 
ite. The  resulting  concentrate  runs  high  in  iron  and  is  low  enough 
in  titanium  to  make  possible  the  utilization  of  these  ores  in  normal 
blast-furnace  practice  by  mixing  them  with  titanium-free  ores.  On 
the  other  hand,  little  is  known  in  regard  to  their  geologic  occurrence 
and  size  on  account  of  lack  of  exposures.  Such  conclusions  as  can 
be  drawn  from  old  data  and  the  nature  of  the  deposits  are  not  very 
favorable  to  them.  The  ore  bodies  seem  to  be  rather  small  and 
irregular  in  distribution,  so  that  mining  operations  would  be  attended 
by  considerable  uncertainty.  On  the  whole,  therefore,  the  belt  is 
not  very  promising  as  a  source  of  iron  ore. 

UKCOIiN  OOTJNTY. 

See  Catawba  County. 

IKAOOJS  COUNTY. 

There  are  a  number  of  occurrences  of  titaniferous  magnetite  in 
Macon  County  east  and  south  of  Franklin,  but  none  has  been  explored 
more  than  superficially. 

Five  miles  east  of  Franklin  and  one-eighth  of  a  mile  north  of 
Culasagee  Creek  there  is  a  heavy  surface  float  of  massive  lustrous 
magnetite  high  in  titanium  (analysis  40).  The  gangue  is  quartz  and 
chlorite;  the  ore  is  traceable  for  several  hundred  yards  along  the 
summit  of  a  lull  in  a  northeasterly  direction  parallel  to  the  strike 
of  the  decomposed  mica  schists  near  the  foot  of  the  hill. 

An  analysis  has  also  been  made  of  the  ore  on  land  4  miles  south- 
west of  Franklin  and  2  miles  above  the  mouth  of  Cartoogajay  Creek 
(analysis  41).  The  ore  is  very  fine  grained,  in  a  chloritic  gangue,  and 
in  places  slight^  gametiferoufi.  The  extent  of  the  ore  body  is  not 
apparent. 
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MADISON  COX7NT7. 

No  important  bodies  of  titaniferous  ore  are  known  in  Madison 
County,  though  there  are  several  occurrences  of  the  ore. 

In  the  eastern  part  of  the  county,  a  half  mile  above  the  mouth  of 
Faint  Fork,  small  pieces  of  float  ore  high  in  titanium  are  found 
(analysis  43).  The  occurrence  of  a  highly  titaniferous  ore  is  also 
noted  near  the  road  midway  between  Asheville  and  Bumsville 
(analysis  42). 

An  occurrence  showing  only  a  moderate  amount  of  titanium  is 
that  a  half  mile  east  of  the  Haywood  County  line  near  the  headwaters 
of  Spring  Creek  (analysis  44).  It  has  a  thickness  of  5  to  6  feet  near 
the  surface  and  appears  to  widen  in  depth. 

MlTCiUBLL  COUJMTy. 

Titaniferous  ores  occur  in  Mitchell  County  in  the  Roan  Mountain 
belt,  the  Pumpkin  Patch  Mountain  belt,  and  on  Iron  Mountain. 

Titaniferous  ore  occurs  on  one  of  the  spurs  of  Iron  Mountain  2^ 

miles  above  the  mouth  of  Greasy  Creek,  near  the  Jenkins  ore  bank 

(analysis  49).    The  ore  body  consists  of  a  compact  lustrous  ore  free 

from  gangue,  and  attains  a  width  of  5^  feet.    The  wall  rock  is  hom- 

'blende  gneiss  and  pegmatite. 

The  Roan  Mountain  titaniferous  belt  lies  several  miles  south  of  the 
Cranberry  belt  to  which  it  is  parallel.  Its  eastern  extremity  is  near 
the  mouth  of  Roaring  Creek  on  one  of  the  southern  spurs  of  Big 
Tellow  Mountain.  It  crosses  the  State  line  on  the  summit  of  Grassy 
Bald  Ridge,  then,  after  traversing  the  eastern  edge  of  Tennessee  for 
about  4  miles,  bends  around  to  the  southwest  and  reenters  North 
Carolina  near  the  headwaters  of  Big  Rock  Creek;  thence  it  continues 
to  the  mouth  of  Big  Rock  Creek  to  the  Yancey  County  line  at  Toe 
River.  No  ore  bodies  of  any  size  have  been  found  along  this  belt. 
At  the  eastern  end  some  prospecting  has  been  done,  including  the 
drilling  of  three  diamond-drill  holes.  The  results  were  discouraging^ 
as  the  ores  occur  in  lenses  of  2  inches  to  2  feet  in  width.  The  titanium 
content  is  only  moderate  in  amount  (analyses  45  and  46).  The  ore 
is  compact,  lustrous,  and  free  from  gangue,  and  occurs  in  a  country 
rock  of  very  coarse-grained  pegmatite,  hornblende  schist,  epidote, 
and  garnet  rock. 

At  the  southwest  end  of  the  belt  on  the  north  side  of  Little  Rock 
Creek  a  small  pit  exposes  a  bed  3  feet  wide,  which  at  a  depth  of  4 
feet  is  cut  out  by  a  diabase  dike  (analysis  48). 

The  Pumpkin  Patch  Mountain  titaniferous  magnetite  belt  lies  to 
the  northwest  of  Bakersville  and  has  an  extent  of  5  to  6  nules.  Some 
pits  have  been  put  down  on  the  Parker  place  near  the  head  of  Wad- 
kins  Branch,  5  miles  northwest  of  Bakersville,  and  loose  blocks  of 
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ore  encountered  (analysis  47);  the  pits  did  not  go  deep  enough  to 
get  the  ore  in  place. 

All  of  these  Mitchell  County  ores  show  approximately  the  same 
titanium  content. 

BOCKENGHAM  COX7NTY. 

See  Guilford  County. 

YANCEY  COUNTY. 

The  occurrences  of  iron  ore  in  Yancey  County  are  isolated  and 
sporadic,  and  no  notable  occurrences  of  titaniferous  ore  have  been 
disclosed. 

In  the  extreme  western  part  of  the  county  near  the  head  of  Possum 
Trot  Creek,  9  miles  west  of  Bumsville,  is  found  float  ore  that  shows 
a  small  amount  of  titanium  (analysis  57).  It  is  possible  that  this 
occurrence  belongs  to  the  Roan  Mountain  titaniferous  belt  of  Mitchell 
County. 

Another  deposit  occurs  6  miles  north  of  Bumsville,  on  the  south 
side  of  Mine  Fork,  a  half  mile  above  its  mouth  (see  analysis  56).  Two 
small  openings  were  made  75  feet  apart  on  the  strike  of  the  ore 
(N.  25®  E.)  and  show  a  vertical  bed  of  ore  6  to  10  feet  across.  The 
ore  is  in  a  gangue  of  chlorite,  small  particles  of  quartz  and  feldspar, 
and  a  peculiar  brown  mineral  of  high  luster  which  may  be  rutile  or 
brookite.  A  quarter  mUe  southwest  of  these  openings  is  much  surface 
float  of  this  heavy  brown  mineral  nearly  free  from  magnetite.  If 
this  mineral  is  really  rutile  or  brookite,  considerable  titanium  could 
easily  be  eliminated  by  magnetic  concentration. 

MINNESOTA. 

Titaniferous  magnetite  occurs  within  an  extensive  area  of  gabbro 
in  northeastern  Minnesota  known  as  the  Duluth  laccoUth.  This 
forms  part  of  the  pre-Cambrian  region  of  Lake  Superior,  and  the 
geology  and  petrography  of  it  have  been  referred  to  repeatedly  by 
the  geologists  who  have  worked  in  this  field.  The  geology  of  the  ore 
bodies  is  so  simple  and  that  of  the  entire  area  so  complicated  that  it 
would  be  a  needless  use  of  space  in  this  report  to  attempt  to  give  a 
rfeum6  of  the  geological  Uterature  embracing  this  area.  A  bibli- 
ography of  the  literature  is  given  in  Monograph  52  of  the  United  States 
Greological  Survey.* 

Describing  the  areal  distribution  of  the  great  gabbro  mass  Elf tman^ 
says: 

The  gabbro  fonxiB  the  outer  or  northern  member  of  the  Eeeweenawan  series.    The 
general  shape  of  the  area  is  crescentic  with  the  concave  side  toward  Lake  Superior. 

•  Van  Hise,  C.  B.,  and  Leith,  C.  K.,  The  geology  of  the  Lake  Superior  region:  U.  S.  Geol.  Survey,  1911, 
pp.  78-80. 

^  Elftman,  A.  H.,  The  geology  of  the  Keeweenawan  area  In  northeastern  Minnesota:  Am.  Geol.,  vol.  22, 
]89B,p.l32. 
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Winchell,^  referring  to  ore  which  he  found  on  the  north  shore  of 
Iron  Lake,  says:  ''This  iron  ore  constitutes  what  is  locally  known  as 
the  'Mayhew  Iron  Range/  and  is  found  in  a  belt  about  a  mile  wide 
on  both  sides  of  Iron  Lake,  and  on  the  south  side  of  Portage  Lake, 
and  between  Portage  and  Poplar  Lakes.  An  analysis  reported  by 
Mr.  Hause,  performed  by  R.  S.  Robertson,  of  Pittsburgh,  Pa.,  gave  the 
following  result:  Silica,  2.02;  alumina,  2.68;  titanium,  12.09;  sesqui 
chromium,  2.40;  mag.  ox.  iron,  80.78;  Ume,  trace;  phos.  acid,  0.03." 
A  careful  study  of  this  location  warranted  among  others  the  following 
statements:^ 

First.  The  ore  is  in  the  igneous  rock. 

Second.  It  varies  in  quality  very  much,  even  passing  into  rock  that  can  not  be  styled 
iron  ore. 

Tenth.  The  iron  in  considerable  but  unknown  quantity  is  of  fine  quality,  being 
seen  in  other  places  besides  this  described. 

From  several  assays  Mr.  Hoare  states  that  he  ascertained  the  iron  and  titanium 
together  in  the  ore  from  Iron  Lake  to  be  pretty  nearly  uniform  throughout,  but  that 
the  titanium  varied  from  6  to  13  per  cent,  displacing  about  the  same  percentage  of 
iron.  The  ore  is  in  enormous  quantities,  in  one  place  laid  bare  so  that  he  crossed  over 
it  30  paces. 

A  year  later,  in  a  report  on  the  mineralogy  of  Minnesota,  Winchell  * 
said  of  menaccanite: 

This  seems  to  be  the  principal  magnetic  mineral  which  enters  into  the  gabbro  and  other 
igneous  rocks  of  the  Cupriferous  in  Minnesota.  It  is  so  abundant  in  the  r^ion  of  Iron 
Lake,  north  of  Grand  Marais,  and  at  Herman,  near  Duluth,  that  it  has  attracted  atten- 
tion as  an  iron  ore.  The  titanium  present  is  frequently  not  enough  to  constitute  the 
mineral,  which  requires  from  30  to  40  per  cent.  It  is  sometimes  as  low  as  3  per  cent, 
the  mineral  then  being  rather  titaniferous  magnetite. 

Irving^  mentions  the  same  localities.  In  speaking  of  the  ortho- 
clase-bearing  gabbros,  he  says: 

In  some  of  these  rocks  the  titaniferous  magnetite  forms  bunches  of  such  size  as  to 
have  attracted  attention  as  an  iron  ore,  as,  for  instance,  at  Duluth,  and  again  at  sev- 
eral points  in  the  interior  back  of  Grand  Marais  and  Beaver  Bay.  From  some  of  this 
ore  obtained  some  miles  back  of  Grand  Marais  I  obtained,  some  years  since,  over  10 
per  cent  of  titanic  add. 

In  1887,  Winchell*  mentioned  the  occurrence  of  titaniferous  iron 
ore  in  abundance  on  the  shore  of  Gabimichigama  Lake.  In  a  letter  to 
the  author  dated  January  28,  1912,  Mr.'  John  G.  Howard,  of  Duluth, 
writes  the  following  in  regard  to  this  same  locality:  '  'The  ore  marked 
from  section  7-64-6  and  section  12-64-6  comes  from  the  county 
line  between  Cook  and  Lake,  and  crosses  the  line  and  outcrops  in 

a  Winchell,  N.  H.,  Tenth  Annual  Report  of  the  Oeological  and  Natural  History  Sarrey  of  Minneaota, 

1881,  p.  81. 

6  Idem,  pp.  80-81, 85. 

e  Winchell,  N.  H.,  Eleventh  Annual  Report  of  the  Oeologlcal  and  Natural  History  Surrey  of  ICinnesota, 

1882,  p.  17. 

'Irying,  R.  D.,  The  copper-bearing  rocks  of  Lake  Superior:  Mon.  5,  U.  S.  Oeol.  Smrey,  1883,  pp.  51-62. 
«  Winchell,  Alexander,  Fifteenth  Annual  Report  of  the  Geological  and  Natural  History  Survey  of  Mlnn»' 
•Ota,  1886,  p.  167. 
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Lake  County  in  section  12-64-6,  and  also  in  section  7-64  5,  Cook 
County.  This  is  a  fine  large  outcrop  and  assays  as  follows:  Iron, 
56.16;  phosphorus,  0.003;  silica,  2.40;  manganese,  0.40;  lime,  0.04; 
magnesia,  1 .35 ;  sulphiu-,  trace ;  titanium,  from  none  to  6 .  This  deposit 
shows  on  surface  for  over  a  mile  in  length  and  shows  lots  of  clean 
ore.''  Mr.  Howard  also  states  that  there  are  a  number  of  deposits 
between  this  location  and  Iron  Lake,  which  lies  about  18  miles  to  the 
east.  Another  analysis  furnished  by  Mr.  Howard  comes  from  a 
locality  still  farther  west  in  section  30-63-9,  and  is  as  follows:  Iron, 
55.04;  phosphorus,  0.003;  silica,  6.20;  lime,  0.15;  manganese,  0.28; 
magnesia,  2.28;  alOmina,  8.85;  sulphur,  0.876;  titanium,  from  2.50 
to  19. 

Wadsworth,**  in  describing  the  Duluth  gabbro,  says :  "Others,  again, 
have  the  magnetite  abundantly  developed,  so  much  so  that  the 
grayish-black  rock  has  been  designated  ah  iron  ore,  which  has  been 
mined  at  Duluth."  Again  he  says:^  ''In  local  modifications  of  gab- 
bro, the  magnetite  predominates  to  such  an  extent  over  the  other 
minerals  that  it  is  mined  as  an  iron  ore.  The  quantity  of  this  ore  is 
very  great,  and  a  number  of  mines  exist  upon  it  at  various  locali- 
ties, *  *  *  the  only  apparent  limit  to  it  being  extensively  mined 
is  owing  to  the  titaniferous  nature  of  the  ore.  *  *  *  These  ores 
generally  seem  to  be  titfioiiferous  magnetite,  the  titanium  varying 
from  a  minute  amount  up  to  12  per  cent  or  higher." 

Winchell  again  refers  to  Iron  Lake  in  the  sixteenth  annual  report 
of  the  geological  and  natural  history  survey  of  Minnesota.    He  says :  ^ 

The  rim  of  the  lake  is  mostly  massive  gabbro.  This  in  places  is  so  strongly  charged 
with  magnetite  that  one  might  truthfully  conceive  of  the  prison  lake  as  iron-bound. 
The  abundance  of  the  magnetite  caused  attention  within  a  few  years  to  be  directed 
to  the  region,  but  investigation  showed  the  ore  to  be  strongly  titaniferous. 

Describing  a  point  on  the  north  shore,  he  says:^ 

Black  sheets  of  magnetite  are  seen  spreading  out  in  the  gabbro  in  an  irregular  way. 
Here  and  there  fragments  of  the  gabbro  are  involved  in  it.  The  appearance  is  as  if 
the  iooagnetite  had  existed  previously  and  been  introduced  into  the  mass  of  fluid 
gabbro  and  never  generally  diffused. 

Wuichell,^  describing  the  different  kinds  of  iron  ore  found  in  north- 
eastern Minnesota,  says: 

The  third  variety  of  iron  ore  is  also  magnetite.  It  is  coarse  and  has  a  duller  luster 
than  the  Animikie  ore  and  \b  not  so  strongly  magnetic.  It  is  found  in  many  places 
in  the  gabbro,  which  sometimes  contains  so  much  of  it  that  it  seems  to  be  pure  mag- 

•  Wadsworth,  M.  E.,  Preliminary  descriptkm  of  the  peridotjtes,  gabbroB,  diabasest  and  andwytos  o( 
Waamota:  Boll.  %  Gaol,  and  Nat.  Hist.  Surrey  of  Minn.,  1887,  p.  40. 
k  Xdaniy  pp.  63,  Gi. 

cp.aM. 
iP.aoB. 

«  Wtoebflll,  H.  v.,  Seventeenth  Aannal  Beport  of  the  Geologloal  and  Natural  History  Sorvey  of  Hlnne- 
18B8»  pp.  80-81« 

88409''— Bull.  64—18 7 
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Detite.    This  ore  almost  always  contains  a  large  amount  of  titanic  acid  which  misB 

it  for  merchantable  ore,  with  only  present  methods  of  reduction.    Immense  deposits 

of  this  titaniferouB  ore  are  found,  and  most  of  them  have  been  purchased  from  the 

United  States  Government  in  the  hope  of  being  able  to  conduct  remunerative  mining 

operations.    When  a  method  for  reducing  titaniferous  ores  cheaply  is  discovered, 

Ruch  iron  ore  will  be  valuable;  but  until  then  it  is  worthless. 

An  analysis  of  a  sample  of  this  ore  from  section  36-63-10,  as  reported  by  Mr.  G.  F. 

Sidener,  is: 

Peroont 

SiUca,  SiO, 11.37 

Alumina,  Al,Oj 1. 32 

Magnetic  oxide  of  iron,  Fe,04 53. 33 

Protoxide  of  iron,  FeO 14.  42 

Oxide  of  titanium,  TiO, la  03 

Lime,  GaO 10 

Magnesia,  MgO 2.73 

Fhoephonis,  P 01 

Sulphur,  S Traces. 

99.31 
MetaUic  iron,  Fe 49.40 

In  this  same  report  he  sa3rs:' 

Speaking  of  the  gabbro  on  Mayhew  Lake,  this  gabbro  contains  considerable  mag- 
netite. Several  claim  cabins  are  located  on  this  gabbro  ore.  The  gabbro  in  Tucker 
Lake  just  west  of  Mayhew  Lake  is  also  magnetitic.  *  *  *  In  the  SE.  i  NW.  i  sec. 
2,  64-3  the  gabbro  contains  parallel  bands  of  magnetite  which  dip  S.  40**  and  give 
the  rock  a  decidedly  stratified  aspect.  Some  of  the  beds  or  bands  of  magnetite  are 
4  or  5  inches  thick,  others  only  a  fraction  of  an  inch. 

U.  S.  Orantj  in  the  report  mentioned,^  refers  to  another  locality 
on  Mayhew  Lake.    He  says : 

On  the  end  of  the  little  point  which  is  in  the  SE.  i  SE.  i  sec.  36,  the  gabbro  has 
changed  somewhat,  and  on  the  south  side  of  this  point  it  surrounds  a  large  mass  of 
iron  ore.  This  ore  seems  to  be  principally  magnetite,  with  a  little  scattering  feld- 
spar, but  as  it  is  in  the  gabbro,  it  very  probably  contains  a  considerable  amount  of 
titanium.  The  exx>osure  of  ore  was  30  feet  wide,  and  extended  for  about  300  feet 
along  the  shore,  rising  15  feet  above  the  water.  The  contact  between  the  ore  and 
gabbro  was  found  at  one  place;  here  the  gabbro  does  not  pass  into  the  iron  ore  by 
gradually  acquiring  more  magnetite,  but  there  is  a  sharp  and  distinct  line  between 
the  two. 

In  Bulletin  6  of  the  Minnesota  survey,  on  the  iron  ores  of  Minne- 
sota, four  groups  of  iron  ores  are  recognized,  one  of  which  is  called 
the  "gabbro  titanic-iron  group."     This  is  described  as  follows:* 

There  is  certainly  no  iron  ore  in  Minnesota  which  is  known  to  exist  in  larger  amounts 
than  this.  The  explorer  in  the  iron  region  is  continuaUy  finding  this  ore  in  immense 
masses,  and  it  has  been  the  cause  of  many  visits  by  intending  purchasers.  For- 
tunately the  Uthologic  characters  that  surround  it  are  so  simple,  uniform,  and  evident 
that  the  tyro  may  discern  them.    The  belt  that  carries  this  ore  is  wide,  and  it  extends 

•  Op.  dt.,  p.  106. 
ft  Op.  dt,  p.  160. 

c  Windiell,  N.  H.,  and  Wizusheli,  H.  V.,  The  lion  otob  of  Minnesota:  Bull.  6,  Qeol.  and  Nat  Hist 
Sturej  of  Minn.,  UOl,  p.  123. 
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from  Diiluth  to  Pigeon  Point,  constitutiDg,  in  itB  culminating  topographic  points, 
the  summitB  of  the  Mesabi  Range. 

The  bulletin*  states  further: 

The  gabbro  titanic-iron  group  of  lithologic  characters  has  been  described.  It  is 
only  necessary  to  say  here  that  the  ore  is  a  black,  massive  magnetite,  generally  of  coarse, 
hackly  crystalline  fracture,  and  when  pure  and  in  huge  quantities,  as  it  is  frequently, 
it  appears  in  bold  and  bald  knobs,  and  is  dispersed  irregularly  through  the  gabbro  of 
the  Mesabi  Range. 

It  seems  to  be  only  a  highly  magnetited  condition  of  the  structureless  gabbro  rock 
itself.  This  ore  was  first  seen  by  the  officers  of  the  survey  at  Mayhew  Lake,  north  from 
Grand  Marais.    Mayhew  Lake  is  sometimes  known  as  Iron  Lake. 

This  iron  is  in  considerable  but  unknown  quantity  at  this  place,  but  appears  in 
a  similar  manner  in  many  places  in  the  vicinity  of  Mayhew  Lake,  toward  the  south- 
west and  west,  as  well  as  toward  the  southeast.  This  ore  may  also  be  seen  in  the 
gabbro  within  the  corporate  limits  of  Duluth,  where  it  appears  simply  as  a  very  highly 
femiginoufl  condition  of  the  gabbro,  with  the  other  gabbro  minerals  as  its  impurities. 
There  is  no  place  within  the  area  of  the  gabbro  sheet  where  this  ore  may  not  exist* 
as  its  appearance  is  entirely  fortuitous,  but  its  quality  varies  from  nearly  pure  mag- 
netite (or  menaccanite)  to  simply  magnetitic  gabbro. 

This  report  ^  also  gives  three  analyses  in  addition  to  those  already 
cited,  as  follows: 

Results  of  analysis  of  ore  from  section  S6y  65S  W.  (Iron  Lake), 

[Analyst,  Prof.  J.  A.  Dodge.] 

Silica '. 20.90 

Alumina 1.  75 

Lime Trace. 

Magnesia 2.  63 

Titanium  binoxide 2.  23 

Phosphorus None. 

Protoxide  of  iron 2. 01 

Magnetic  oxide  of  iron 70.  29 

99.81 
Metallic  iron 52.46 

Results  of  analysis  of  iron  sand  from  Black  Beach,  near  Beaver  Bayc 

[Analysts,  7.  A.  I>odcB  and  C.  F.  Sidener.] 

Silica 65.17 

Magnetic  oxide  of  iron 30.  06 

Protoxide  of  iron 2.  23 

Dioxide  of  titanium 2.  48 

Lime Trace. 

Magneaia Trace. 

Alumina Trace. 

99.94 
Metallic  iit)n 23.  50 

•Op.  dt,  pp.  136-130. 

»  Op.  dt,  pp.  141-142. 

e  The  statamsot  Is  made  that  the  sand  is  derfyed  chiefly  from  the  decomposition  of  titaoiferous  gabbro. 
Bayley  states,  however,  that  the  rock  of  BeaTer  Bay  is  not  a  part  of  the  Dnluth  gabbro,  but  probably  a 
part  of  a  sheet  or  sOl  IntrasiYe  in  the  Keeweenawan,  and  ooconlng  at  a  mnch  higher  horlion  (Jour,  of  QeoL, 
voLa,UM,p.81»). 
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RemUt  ofanaiyMiB  of  iron  aandfrom  the  SW,  i  iec,  SS,  61-lty  mnUh  thore  of  Birch  Lake. 

[Analyst,  Prof.  J.  A.  Dodge.] 

Silica 5.19 

Alumina 2. 95 

Lime Trace. 

Magnema .35 

PhoephoruB None. 

Titanium  dioxide 36. 77 

Metallic  iron 41. 12 

Bayley,  in  discussing  the  peripheral  phases  of  the  great  gabbrb 
mass  of  northeastern  Minnesota,  speaks  of  the  titaniferous  magne- 
tites.   He  says:* 

The  Bpedmens  in  the  pofneenon  of  the  United  States  Geological  Survey  all  contain 
a  laige  proportion  of  magnetite,  which  in  some  caeee  runs  eo  high  as  to  constitute  90 
per  cent  of  the  entire  rock.  These  latter  rocks  have  the  bright  metallic  luster  of  mag- 
netite and  usually  a  finely  granular  texture.  The  luster  frequently  becomes  very 
brilliant  and  the  specimen  takes  on  the  peculiar  pinkiBh  tinge  of  ilmenite.  A  careful 
inspection  of  such  specimens  as  seem  to  be  pure  ore  reveals  the  presence  in  them  of 
tiny  yeUowish-green  grains  of  olivine,  but  these  are  so  rare  that  they  produce  but 
little  impression  on  the  general  aspect  of  the  rock.  When  the  magnetite  makes  up 
practically  its  entire  body  the  rock  is  much  jointed,  and,  consequentiy,  it  easily 
breaks  into  small  irregular  or  cuboidal  fragments,  as  Winchell  has  already  noted,  and 
these  are  not  unfrequently  natural  magnets.  Tests  of  magnetites  of  this  kind  from 
the  shores  of  Little  Sasaganaga  Lake,  NW.  \  sec.  7,  T.  64  N.,  R.  5  W.,  prove  them  to 
be  very  rich  in  titanium,  as  was  surmised  from  their  pinkish  tinge. 

The  ore  and  its  occurrence  were  described  by  Elftman  in  1898.  In 
a  discussion  of  the  minerals  of  the  gabbro,  he  says:  * 

Magnetite  is  scattered  throughout  the  rock.  Ordinarily  it  occurs  in  small  grains 
usually  having  perfect  crystal  outlines.  Large  irregular  areas,  making  up  a  large 
part  of  the  rock,  are  found  in  some  sections.  The  proportion  increases  until  tiie  entire 
rock  is  made  up  of  this  mineral.  Chendcal  examinations  show  that  the  mineral  is 
sometimes  free  from  titanium,  but  usually  the  latter  constituent  is  present  in  varying 
amounts  up  to  20  per  cent. 

Elftman  gives  the  following  description  *  of  the  occurrence  of  the 
ores: 

Small  masses  of  titaniferous  magnetite  are  scattered  throughout  the  gabbro.  Exten- 
sive masses  are  known  only  along  the  northern  border  and  in  the  eastern  part  of  the 
gabbro.  These  deposits  of  magnetite  are  especially  numerous  in  the  region  between 
Brule  Lake  and  the  northern  limit  of  the  gabbro.  The  ore  bodies  are  found  in  three 
belts  running  east  and  west.  The  northernmost  follows  the  boundary  of  the  gabbro. 
The  second  runs  through  the  southern  part  of  township  64  north,  and  the  southern 
or  third  belt  runs  south  of  Brule  Lake  through  the  central  or  southern  part  of  town- 
ship 68  north. 

The  magnetite  depositB  are  usuaHy  associated  with  granuUtic  norite,  which  is  always 
the  slightly  older  of  the  two.     The  norite  is  considerably  broken  and  traversed  by 

a  Baylfjr,  W.  8.,  The  baiic  mmwly  roela  of  the  Lake  Boperior  regloD:  Joor.  of  Qeol.,  vol.  %  1894,  p.  81K. 
^ElftBMii,  A.  H.,  Tb*  WKHogj  of  tbe  KMweoiawaa  ana  In  northeMtorn  MiniMiota:  Am.  Oeol.,  vol.22, 
1S86,  p.  140. 
c  Op.  cit.,  pp.  146-14ft. 
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yeins  of  magnetite  extending  from  the  larger  maaseB  around  its  edge.  From  the  main 
mass  of  the  magnetite  stringers  and  apophyses  run  several  hundred  feet  into  the 
massive  gabbro.  Frequently  the  magnetite  occurs  in  numerous  parallel  bands 
several  inches  to  a  foot  in  width,  which  alternate  with  bands  of  the  associated  gabbro. 
As  many  as  25  of  these  bands  have  been  noticed  within  a  belt  10  feet  wide.  There 
are  all  proportions  of  minerals  between  magnetite  and  the  normal  phase  of  the  gabbro. 
The  variations  of  the  ore  as  seen  in  a  shaft  19  feet  deep  on  section  21,  T.  63  N.,  R.  4  W., 
are  as  follows:  At  the  surface  the  rock  was  composed  of  solid  coarse  magnetite  stained 
green  with  a  coating  of  malachite.  The  pure  magnetite  continued  downward  for  5 
feet,  when  a  few  grains  of  chalcopyrite,  pyrite,  and  plagioclase  were  found.  At  7 
feet  below  the  sur&kce  the  magnetite  became  fine  grained,  and  a  small  amount  of 
plagioclase  and  pyrite  continued.  Olivine  appears  as  bright,  yellow  grains.  Con- 
tinuing downward  the  plagioclase  and  pyrite  disappeared  and  the  lower  10  feet  of 
the  shaft  were  in  magnetite,  with  the  olivine  increasing  in  proportion. 

The  ore  has  a  shining  black  luster,  is  brittle,  and  usually  coarse  grained.  Thin 
sections  of  the  apparently  pure  ore  generally  show  the  presence  of  small  particles  of 
plagioclase,  and  sometimes  of  other  minerals.    *    *    * 

Chemical  analyses  show  quite  a  variation  in  the  composition  of  these  ores.  An 
analysis  by  the  writer  of  an  ore  from  sec.  21,  T.  63  N.,  R.  4  W.,  gave  siUca,  6.08; 
ahimina,  3.82;  lime,  1.69;  titanium  oxide,  14.73;  magnetite,  71;  nickel  oxide,  2.65; 
sulphur,  trace.  The  Ume  and  alumina  are  accounted  for  by  the  presence  of  a  triclinic 
feldspar. 

Titanium  is  sometimes  absent.  Cobalt,  manganese,  and  chromium  are  sometimes 
found  in  addition  to  the  constituents  given  in  the  above  analysis.  Hie  metallic  iron 
varies  from  49  to  60  per  cent.  These  extensive  magnetite  deposits  at  present  afford 
the  only  ores  from  the  gabbro  of  probable  economic  value. 

After  describing  the  character  of  the  titaniferous  ore  deposits  in 
the  gabbro,  Clements '  says  of  them: 

The  injurious  effect  of  the  titanium  in  rendering  the  magnetite  unmarketable 
would  of  course  apply  to  these  titaniferous  magnetite  bodies  whatever  their  size. 
However,  so  far  as  we  know,  up  to  the  present  time  no  published  description  has 
been  given  of  any  laige  continuous  masses  of  the  practically  pure  titaniferous 
magnetite. 

The  following  recent  statement  concerning  these  ores  by  Van  Hise 
and  Leith^  is  in  the  nature  of  a  summary  of  existing  knowledge, 
and  for  that  reason  is  quoted  in  full: 

The  great  gabbro  mass  of  Lake  and  Cook  Counties,  Minn.,  contains  much  magne- 
tite, both  disseminated  and  s^iregated  into  ore  deposits.  Complete  gradation  may 
be  observed  between  gabbro  carrying  little  magnetite  and  magnetite  carrying  little 
of  the  ferromagnesian  constituents  and  feldspar.  The  known  deposits  are  extremely 
irregular,  with  gradations  between  themselves  and  the  gabbro  and  containing  within 
themselves  much  gabbro  material.  They  weather  very  much  like  the  gabbro  and 
might  be  easily  unnoticed  on  the  weathered  surface.  There  has  been  little  explora- 
tion for  these  ores.  A  few  driU  holes  have  been  sunk  in  the  region  south  of  Gunflint 
Lake,  some  of  them  revealing  depths  of  ore  aggregating  several  hundred  feet.  The 
known  deposits  seem  to  be  distributed  in  irregular  zones  roughly  parallel  to  the 
north  or  basal  margin  of  the  Duluth  gabbro. 

•  ClementB,  J.  M .,  The  yermillioD  inm-bearing  district  of  Minnesota:  Mon.  45,  U.  8.  Qeol.  Surrey,  IQOS, 
p.  4S1. 

^  Van  Hise,  C.  B.,  and  Leitb,  a  K.,  Tbe  fsokgy  o^tba  Lake  Sopcrlor  region:  Mon.  52,  U.  8.  Oeol.  Sunrey, 
mi,  p.  561. 
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The  compofiitioii  of  the  ore  avefaged  from  3,560  feet  in  14  driU  holes  \b  48.8  per  cent 
iron.  The  range  is  from  54  to  20  per  cent.  The  high  titanium  content  renders  the' 
ores  of  doubtful  value  for  the  present. 

Where  the  gabbro  comes  into  contact  with  the  iron-bearing  Gunflint  formation  both 
formations  carry  magnetite  so  similar  in  texture  that  it  is  difficult  to  tell  one  from  the 
other.  However,  on  analysis  the  gabbro  magnetite  is  found  to  be  titaniferous, 
whereas  that  of  the  Giinflint  formation  is  not  titaniferous.  This  fact  seems  to  argue 
against  any  considerable  transfer  of  material  from  the  gabbro  to  the  iron-bearing  forma- 
tion during  its  alteration. 

The  titaniferous  magnetites  of  northeastern  Minnesota  are  direct  magmatic  segre- 
gations in  the  Duluth  gabbro,  according  to  all  of  the  geologists  who  have  studied 
them,  including  Irving,  Merriam,  Bayley,  Grant,  Winchell,  Clements,  Van  Hise, 
Leith,  and  others.  The  complete  gradation  from  gabbro  with  a  small  amount  of 
original  magnetite  to  a  magnetite  with  small  amounts  of  amphibole  and  other  gabbro 
minerals  can  be  seen  in  almost  any  part  of  the  titaniferous  magnetite  deposits.  It  is 
scarcely  necessary  to  repeat  the  detailed  i)etrologic  evidence  so  fully  given  by  the 
writers  named. 

Evidence  is  given  elsewhere  for  the  intrusive  character  of  the  Duluth  gabbro.  It 
cooled  far  beneath  the  surface,  where  there  was  not  easy  escape  for  its  solutions.  This 
fact  is  taken  to  explain  its  retention  of  its  iron  oxide.  It  has  been  argued  under  an 
earlier  heading  that  where  basic  rocks  of  similar  composition  reached  the  sur&ce 
large  quantities  of  iron  escaped  and  became  available  for  ordinary  sedimentary 
deposition. 

The  area  und^lain  by  the  Duluth  gabbro  is  for  the  most  part  an 
uninhabited  region  of  woods  and  lakes,  where  th^  only  means  of 
travel  is  by  canoe.  It  was  impossible  and  also  useless  for  the 
purposes  of  this  report  to  have  visited  the  whole  of  such  a  vast 
area.  It  was  also  apparent  from  the  literature  that  the  actual 
importance  of  these  deposits  with  respect  to  size  and  iron  content 
was  open  to  doubt.  It  was  decided,  therefore,  to  visit  the  most 
promising  region  within  the  gabbro  area.  Judging  from  the  pub- 
lished descriptions  this  seemed  to  be  the  area  about  Iron  Lake. 
Responses  to  inquiries  made  of  numerous  geologists,  prospectors, 
and  others  who  were  familiar  with  the  area  also  pointed  to  the  Iron 
Lake  region  as  having  the  most  promising  showing  of  ore.  It  was 
further  learned  that  considerable  drilling  had  been  done  there  some 
years  ago,  and  the  drill  records  and  detailed  maps  were  very  kindly 
placed  at  the  writer's  disposal.  Consequently  the  region  about  Iron 
Lake  was  selected  as  the  one  to  be  visited,  and  the  following  para- 
graphs are  an  account  of  the  observations  made  there. 

mOK  LAKE  BEGIOK. 

A  week  was  spent  in  this  region  with  Nicholas  Probek,  of  North 
Lake,  as  guide.  The  familiarity  of  Mr.  Probek  with  the  country 
made  possible  the  careful  examination  of  a  large  area.  The  area 
examined  was  the  country  adjacent  to  Tucker,  Iron,  Portage,  and 
Poplar  Lakes.  It  is  a  narrow  belt  extending  on  both  sides  of  the 
town  line  between  T.  64  N.  and  65  N.,  and  from  the  middle  of  R.  1 
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W.  to  the  middle  of  R.  3  W.  For  convenience  of  discussion  the 
region  is  considered  under  subheadings  corresponding  to  the  lakes 
above  mentioned. 

TUCKEB  LAKE. 

Tucker  Lake  is  a  narrow  lake  with  its  axis  lying  nearly  east-west. 
It  extends  from  near  the  western  edge  of  section  4  to  near  the  middle 
of  sec.  1,  T.  64  N.,  R.  3  W.  Its  eastern  end  is  divided  into  a  northern 
and  southern  arm  by  a  narrow  paninsula.  Its  outlet  is  at  about  the 
middle  of  the  north  shore. 

Along  the  north  and  south  shores  of  the  lake  in  the  neighborhood 
of  the  outlet,  and  for  some  distance  along  the  outlet,  are  almost  con- 
tinuous rock  exposures.  The  prevailing  rock  is  the  normal  gabbro, 
in  many  places  with  considerable  feldspar,  so  that  it  has  a  light  color. 
Magnetite  occurs  throughout  the  rock  in  sparsely  disseminated  grains. 
The  most  prominent  femic  constituent  is  the  pyroxene,  which  has 
usually  to  a  great  extent  undergone  uralitization.  Biotite  is  locally 
abundant  in  intimate  association  with  the  pyroxene,  and  seems  to  be 
a  secondary  product.  At  several  places  the  normal  coarse  gabbro 
gives  way  to  a  fine-grained  rock  of  brownish-gray  color.  Thin 
tablets  of  feldspar,  1  cm.  long  and  less  than  1  mm.  thick  in  parallel 
arrangejnent,  give  this  rock  at  times  a  schistose  appearance.  Certain 
phases  of  this  rock  are  rather  heavy  and  weather  with  a  black  surface 
suggesting  magnetite.  A  careful  examination  of  this  rock,  which 
has  been  called  ore,  shows  that  it  contains  only  a  small  amount  of 
ore  minerals.  At  only  one  point,  on  the  south  shore,  a  little  west  of 
the  outlet,  is  there  anything  that  could  be  called  ore.  The  gabbro 
here  contains  a  small  segregation  of  ore  25  feet  long.  The  greater 
part  of  this  is  very  lean,  being  nothing  more  than  gabbro  in  which 
the  feldspar  has  become  subordinate  and  the  pyroxene  the  most 
prominent  constituent.  Magnetite  is  present  in  considerable  amount, 
and  makes  up  a  rock  which  at  fiirst  sight  appears  to  be  good  ore.  A 
closer  examination  reveals  a  large  quantity  of  black  augite  and 
considerable  olivine.  A  polished  section  of  one  of  the  richest  pieces 
of  this  ore  showed  that  less  than  half  consists  of  ore  minerals,  and 
diis  is  almost  entirely  ilmenite. 

A  half  mile  north  of  the  outlet  at  Tucker  Lake,  in  the  SE.  i  sec.  34, 
T.  65  N.,  R.  3  W.,  is  an  opening  in  an  ore  body.  The  pit  has  a  length 
of  125  feet  along  the  outcrop,  which  is  here  in  the  form  of  a  ledge. 
Several  hundred  tons  of  ore  have  been  blasted  loose  and  the  exposures 
are  very  good.  The  outcrop  of  ore  can  be  traced  about  100  feet  east 
of  the  pit,  beyond  which  it  is  covered  with  drift.  To  the  west  of  the 
pit  it  is  entirely  covered.  This  ore  body  ranges  in  width  from  8  to 
10  feet,  and  passes  into  gabbro  on  each  side.  The  ore  itself  is  rather 
lean,  and  grades  rapidly  into  normal  gabbro,  so  that  a  sharp  distinc- 
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tion  can  usually  be  made  between  gabbro  and  ore.  Within  the  ore 
body  are  small  inclusions  of  gabbro  with  boundaries  so  distinct 
against  the  surrounding  ore  as  to  have  the  appearance  of  real  included 
fragments  of  the  gabbro  country  rock  and  not  segregations  of  the 
gabbroitic  material  in  the  ore.  The  relations  of  the  contact  and 
these  inclusions  would  suggest  that  the  segregation  did  not  take 
place  where  the  ore  body  is  now  found,  but  that  the  ore  body  was 
squeezed  into  its  present  position,  perhaps  while  the  gabbro  was 
still  in  a  molten  or  viscous  state.  Between  this  pit  and  the  shore  of 
Tucker  Lake  are  several  exposures  showing  schlierenlike  ore  bodies 
of  still  smaller  size  whose  relations  to  thd  country  rock  suggest  a 
similar  origin.  Northwest  of  the  pit  is  a  ledge  of  gabbro  with  a 
small  band  of  lean  ore  running  through  it.  In  the  leaner  parts  of 
the  ore  the  pyroxenes  are  the  most  prominent  gangue  minerals;  in 
the  rich  part,  consisting  almost  entirely  of  the  ore  minerals,  olivine 
is  the  most  abundant  gangue.  Analyses  of  ore  from  this  property 
are  said  to  have  shown  about  18  per  cent  Ti. 

Along  the  north  shore  of  the  north  arm  of  Tucker  Lake  are  a 
number  of  exposures  of  gabbro  showing  considerable  iron.  The  ore 
occurs  in  small  ferromagnesian-rich  areas  of  the  gabbro.  These  areas 
are  characterized  by  the  feldspar  becoming  subordinate  in  amount 
accompanied  by  a  rapid  increase  in  the  amount  of  pyroxene.  At 
the  same  time  olivine  and  magnetite  become  prominent.  This  rock 
grades  over  into  ore  by  magnetite,  and,  to  a  less  extent,  olivine, 
becoming  more  abundant  at  the  expense  of  the  pyroxene.  The 
decrease  in  the  amount  of  pyroxene  is,  however,  more  apparent 
than  real  as  the  dark  pyroxene  is  difficult  to  recognize  in  the  mag- 
netite, whereas  the  clear  yellow  olivine  stands  out  strongly  against 
the  black  magnetite.  At  one  point  the  ore  swarms  with  fine  needles 
of  apatite.  Here  again  polished  surfaces  show  that  the  ore  is  not 
nearly  so  rich  as  would  appear  from  hand  specimens,  and  even  the 
richest  pieces  do  not  show  much  more  than  50  per  cent  of  ore  min- 
erals. Less  than  100  yards  northeast  of  the  end  of  this  arm  of  the 
lake  is'  a  cut  8  feet  wide,  10  feet  deep,  and  25  feet  long.  The  best 
ore  seen  Along  this  shore  occurs  there,  but  there  is  a  rapid  alternation 
of  good  and  bad  ore,  so  that  the  average  of  the  rock  as  obtained  in 
mining  would  be  rather  lean. 

Exposures  of  highly  magnetitiferous  gabbro  grading  into  ore  occur 
on  the  peninsula  between  the  two  arms  of  Tucker  Lake  and  along 
the  north  shore  of  the  southern  arm  to  the  narrows,  draining  a  small 
lake  that  lies  to  the  east  and  is  known  as  ''The  Pond.''  The  nature 
of  these  outcrops  is  the  same  as  those  on  the  north  shore  of  the  north 
arm  of  the  lake.  The  ore  bodies,  wherever  their  width  is  exposed, 
are  narrow,  usually  not  more  than  12  feet  in  width,  and  their  length 
is  not  more  than  100  to  200  feet,  being  considerably  less  in  most 
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Where  their  limits  are  not  exposed  on  account  of  the  drift 
covering,  in  most  cases  other  outcrops  of  gahbro  near  by  show  that 
their  size  is  no  greater.  On  account  of  the  dark-colored  gangue 
minerals,  hand  specimens  always  appear  much  richer  than  is  actually 
the  case;  and  specimens  of  seemingly  good  ore  are  seen  on  polished 
surfaces  to  be  rather  lean.  Apatite  is  abundant  in  some  of  these 
ores.  Analyses  at  different  depths  of  a  diamond-drill  core  through 
one  of  these  ore  bodies  showed  the  iollowing  composition  of  the  ore: 

BenUU  qfanalyies  of  dianumd-dnU  cartfwm  the  NE.  \  NE.  \  sec,  t,  T.  64  N.,  R.  S  W, 


DoDth 

aofoet. 

60  feet. 

100  feet. 

160  feet. 

^  "TT  •*■  ...•••••••••••••••••••-••••..••••.•••..••.••.•....••.••••. 

Iron  pwQzlids  .................................................. 

Pereem. 
35.00 
32.92 
.61 
2.86 
.06 
Trace. 
1.20 
2.16 
.012 
.01 
1.25 
24.00 
60.60 

Ptreent, 
35.14 
32.28 
.48 
2.80 
.08 
TnMse. 
1.26 
2.07 
.012 
.006 
1.28 
24.60 
60.00 

Pdunt, 
35.00 
32.28 
.40 
2.26 
.012 
TnMse. 
1.82 
Z24 
.008 
None. 
.616 
28.00 
60.00 

PtreetU, 
33.71 

Iron  protoxide 

33.41 

AlaminA  oxide 

.26 

Vman^mn/ftff  oixMe 

2.12 

.01 

VaiMdiniii  oxide 

TnMw. 

If  «£fflMif^  (WlMfPftte , 

1.16 

CHiliThiiii  furbooate 

1.14 

Flv*ti>hflTOt 

None. 

SOlpfllUr.aa ••>*••■••••*••.•.••••••.•••••••••.••••••«•••••••••••• 

None. 

TItATllAIHHd .. 

.17 

Siikft 

26.00 

IffetaMoiroo 

60.00 

The  titanium  in  these  analyses  is  veiy  low,  the  average  being  0.83 
per  cent  TiO,.  This  is  not  representative  of  the  ore  in  this  vicinity, 
however,  as  polished  sections  show  considerable  ilmenite.  The 
average  iron  content  in  terms  of  metallic  iron  is  50.13  per  cent. 
Some  of  this  iron  occurs  in  the  femic  minerals  of  the  gangue  and  is 
not  present  in  the  ore  minerals.  The  maximum  percentage  of 
magnetite  the  ore  could  contain  is  that  corresponding  to  the  percent- 
age of  iron  peroxide  given  in  the  analyses.  Assuming  all  of  the 
]>eroxide  of  iron  to  be  present  in  the  form  of  magaetite,  the  percentage 
of  iron  contained  in  the  magnetite  would  be  36.75,  36.90,  36.75,  and 
35.40  per  cent,  respectively,  an  average  of  37.20  per  cent. 

At  the  eastern  end  of  the  series  of  outcrops  being  discussed,  along 
the  shore  of  the  narrows  mentioned  above,  is  a  ledge  of  rock  300  feet 
Jong,  at  the  eastern  end  of  which  is  a  small  pit  about  10  feet  deep. 
The  western  end  of  this  outcrop  consists  of  the  normal  coarse- 
grained gabbro;  toward  the  east  increasing  amounts  of  magnetite 
occur,  imtil  the  richest  ore  is  encountered  at  the  pit.  This  ore 
differs  from  the  ore  previously  described  in  that  the  feldspar  and 
ferromagnesian  minerals  are  present  in  the  same  ratio  as  in  the  normal 
gabbro.  The  change  in  composition  of  the  rock  is  due  wholly  to  the 
increase  in  percentage  of  magnetite.  The  feldspar  has  assumed,  how- 
ever, I  distinct  tabular  habit,  giving  the  rock  a  coarse  diabaaic  texture. 
There  is  also  a  tendency  to  parallel  arrangement  on  the  part  of  the 
feldspar  crystals  which  gives  the  rock  a  schistose  appearance  in 
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places.  Very  little  good  ore  occurs  here  and  most  of  it  is  too  lea^  to 
be  called  ore.  A  thin  section  of  the  ore  showed  feldspar  and  femic 
minerals  about  equally  abundant.  The  femics  are  augite  and  olivine 
with  a  Uttle  biotite.  The  biotite  seems  to  be  principally  secondary, 
occurring  around  the  edges  of  the  magnetite  grains. 

This  series  of  outcrops  crosses  the  narrows  and  continues  east- 
ward south  of  ''The  Pond"  nearly  to  the  line  between  range  2  and 
range  3,  beyond  which  the  gabbro  contains  Uttle  iron.  Outcrops  of  ore 
bearirg  gabbro  are  numerous^  but  the  extent  of  each  is  limited.  The 
prevailing  ore  is  of  the  f  eldspathic  variety  last  described,  though  many 
outcrops  are  of  better  grades.  High-grade  ore  occurs  only  as  narrow 
seams  and  stringers  in  the  lean  ore.  A  thin  section  of  the  rich  ore 
consisting  of  about  one-third  gangue  had  oUvine  as  the  most  abundant 
gangue  mineral;  it  also  had  considerable  augite.  Besides  these,  a 
little  plagioclase  and  a  few  flakes  of  mica  were  present.  In  the  leaner 
phases,  however,  the  most  striking  feature  is  the  tabular  crystals  of 
plagioclase.  This  ore  differs  decidedly  from  the  Rhode  Island  ore 
with  its  phenocrysts  of  tabular  feldspar.  The  groundmass  is  of  much 
coarser  grain,  so  that  the  feldspar  and  other  constituents  are  more 
nearly  of  the  same  order  of  magnitude;  and  the  feldspar  crystals 
are  far  more  numerous,  giving  the  ore  a  pronounced  diabasic  texture, 
which  the  Rhode  Island  ore  does  not  possess.  The  only  ore  resembling 
it  is  that  from  Iron  Mountain,  Colo. ;  but  in  the  latter  the  feldspar  is 
not  so  prominent  nor  the  diabasic  effect  so  marked.  Plate  VTII,  A, 
shows  a  rich  piece  of  this  Iron  Lake  ore  with  the  large  tabular  crystals 
of  feldspar;  Plate  VIII,  C,  shows  the  Iron  Mountain  ore  in  which 
the  feldspar  tablets  are  more  abundant,  but  smaller.  Analyses  of 
different  sections  of  a  diamond-drill  core  through  a  body  of  this  ore 
showed  the  following  composition: 

ReaulU  ofanalyus  of  diarMnd-drill  core  from  the  NE.  }  JV:^.  }  $tc.  /,  T,  64  N.,  R.  S  W. 


Depth 

65  feet. 

66  feet. 

76  feet. 

86  feet. 

Aycj^KU  .......».■■•■•■...••..••...•••..••••••••«••••. •••••.-•••••■' 

Inm  pwo3f  W* ....,,,,,-,-. ^.-r 

Per  cent. 
35.61 
30.00 
2.70 
1.75 
1.11 
1.006 
1.70 
2.50 
.002 
.006 
6.50 
17.11 
49.20 

Percent. 
46.14 
21.53 
4.8» 
2.60 
1.01 
.006 
1.20 
.056 
.007 
None. 
None. 
21.65 
49.30 

Percent. 
35.14 
32.40. 
4.00 
3.20 
2.05 
1.03 
.06 
.04 
.002 
None. 
&25 
13.81 
48.40 

Percent, 
41.43 

Iron  brotoxide 

24.05 

Alumina  oxido. --  ■, ,,,^^^-^^ 

2.20 

Manevi<4e  o'f  ^dn ,,.,,,,                  .  ^ . 

.20 

ChromitiiD  oxid6 

1.S0 

Vanadium  oxide a 

MiumMiift  cartiQfnat^ ...,,,,.,,,.,,. - ,  - .  r ,  - ,  -  -  - 

2.60 
1.64 

Calcium  carbonate - 

.05 

Pbcsphonif 

.002 

Sulphur 

.003 

Titantp  acid r...  .., -  - 

6.76 

saica ■ 

20.67 

M«tfrHV?>n;« .... 

48.20 

The  titanium  content  is  rather  low,  the  average  TiO,  content  of  the 
four  analyses  being  5.13  per  cent.  The  average  of  the  metallic  iron 
given  in  the  analyses  is  48.78  per  cent.     It  must  be  remembered, 


A.     IRON  LAKE,  MINN.,  ORE.     (X  )('}  B.     POPLAR  LAKE,  i 


N  MOUNTAIN,  COLO.,  one.   (natural  size.) 
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however;  that  some  of  this  iron  is  present  in  the  ferromagnesian 
gangue  minerals.  If  we  assume  all  the  peroxide  of  iron  to  be  present 
in  the  form  of  magnetite,  the  metallic  iron  contained  in  the  magne- 
tite would  be  37.39;  48.45;  36.90;  and  43.50  per  cent;  respectively;  an 
average  of  41.56  per  cent. 

ntOK  LAKE. 

In  addition  to  the  ore  outcrops  just  described,  at  the  western  end 
of  Iron  Lake  and  along  the  south  shore  toward  that  end  there  are 
others  farther  east  along  the  lake,  but  only  one  or  two  of  these  is  here 
described. 

Extending  across  a  small  island  southeast  of  the  portage  from  Loon 
Lake  is  a  band  of  ore  200  yards  long  and  20  to  30  feet  wide.  Oabbro 
is  exposed  on  both  dides  of  the  ore  body.  The  ore  is  for  the  most 
part  lean.  Along  the  north  shorC;  east  of  the  outlet;  is  a  series  of 
outcrops  of  ore.  Some  of  these  show  very  good  orC;  but  each  is  of 
small  sizC;  passing  within  short  distances  into  gabbro.  One  of  the 
larger  of  these  outcrops  was  traced  for  over  200  yards,  but  its  width 
averaged  only  12  to  15  feet.  Even  the  high^ade  ore  contains 
inclusions  of  lean  ore  and  gabbro;  and;  in  other  cases,  the  rock  con- 
sists merely  of  gabbro  with  numerous  bands  and  stringers  of  ore 
running  through  it.  A  specimen  of  the  high-grade  ore  from  this 
locality  analyzed  53.30  per  cent  Fe;  24.30  per  cent  TiO,.* 

POBTAOE  LAKE. 

On  Portage  Lake  little  ore  was  observed.  The  most  prominent 
*  outcrop  is  on  the  north  shore  of  the  north  arm  of  the  lake,  east  of  the 
portage  from  Iron  Lake.  At  this  point  there  can  be  traced;  for  a 
distance  of  about  100  yardS;  a  series  of  small  ore  outcrops  within  an 
area  of  gabbro.  The  ore  is  of  the  feldspathic  variety  and  contains 
considerable  gangue. 

POPLAB  LASE. 

Outcrops  are  abundant  along  the  entire  north  shore  of  Poplar  LakC; 
and  many  exposures  of  ore  were  seen.  In  all  cases  where  the  ex- 
posures were  continuous  enough  the  ore  bodies  were  seen  to  be  of 
small  size.  The  character  of  the  ore  showed  considerable  variation 
from  place  to  place.  In  some  exposures  the  feldspathic  ore  occurred, 
in  others  the  ore  with  the  femic  minerals.  Thin  sections  showed  con- 
siderable apatite  throughout  the  ore,  and  some  of  the  crystals  of 
apatite  are  large  enough  to  be  easily  recognized  in  the  hand  speci- 
mens. In  addition  to  the  ore  bodies,  the  gabbro  along  this  shore 
contains  considerable  magnetite  scattered  through  it  as  an  accessory 
constituent. 

■ 

•  Analysb  oompoted  from  audysei  of  ooncentratfls  and  tailing  madA  by  A.  C.  Fieldner,  of  the  Boieaa 

of: 
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COMPOSITION  OF  THE   ORB. 

The  ore  has  been  described  with  sufficient  detail  in  the  discussion 
of  its  occurrences,  so  that  only  a  brief  rfaumfi  is  here  given.  Prob- 
ably the  most  striking  feature  of  the  ore  is  the  great  variation  it  pre- 
sents both  in  appearance  and  composition.  The  high-grade  ore  with 
little  gangue  tends  to  be  compact  and  massive,  rather  than  granular. 
Of  the  leaner  ores,  there  are  the  two  varieties  that  can  be  designated 
according  to  the  most  prominent  gangue  minerals,  the  feldspatbic 
and  the  femic.  The  femic  ores  are  medium  grained  and  possess  no 
marked  characteristics.  The  feldspatbic  ores  tend  to  be  somewhat 
coarser  grained  and  are  characterized  by  the  coarse  diabasic  texture 
produced  by  the  lath-shaped  feldspar  crystals. 

A  most  interesting^  feature  is  the  chemical  composition  of  the  ore, 
on  account  of  the  unusual  behavior  of  the  titanium  content.  The 
available  results  of  analyses  are  tabulated  below: 

Results  of  analyses  of  Minnesota  ores. 


Constitu- 
ent. 

1 

t 

t 

4 

8 

• 

7 

8 

8 

Fe 

Percent, 
68.48 
20.16 

2.02 
80.78 

Percent. 
66.16 
&-10 

2.40 

Percent. 
56.04 

4.17- 
31.67 

6.20 

Percent. 
40.83 
16.03 

11.37 
63.33 

Percent. 

52.46 

2.23 

20.90 
70.20 

Percent. 

23.60 

148 

66.17 
80.06 

Percent. 
41.12 
36.77 

5.10 

Percent. 
51.40 
14.73 

6.08 
71.00 

Percent. 
53.30 

TiOi. 

BiO, 

Fei04. 

FeiOi 

24.30 

F^. :::::: 

14.42 
1.82 

101 
1.76 

123 
Trace. 

A1«0^ 

CriO. 

MntOa 

2.68 
2.40 

8.86 

105 

3.82 

.67 

.04 

1.35 

.40 

.16 

2.28 

CaO.r 

Trace. 

.10 
2.73 

Trace. 
168 

Trace. 
Trace. 

Trace. 
.36 

1.09 

MgO 

NlO 

165 

p 

.013 

.008 
Trace. 

.003 
.876 

.01 
Traces. 

Nona. 

8 

None. 

Trace. 

00.31 

89.81 

09.04 

CoDStituent. 

10 

U 

It 

U 

U 

U 

18 

17 

Iroaperoxi< 
Ironprotox 
Alumina  03 

Ghromlnm 

VaoBdinm 

ICagnetiaci 

Calcium  csi 

Pboepbora 

Sutpnur.... 

de 

Ide 

[Ide 

oxide 

oxide 

oxide 

irbonate.. 
rbonate... 
1 

Percent, 
86.00 
32.02 
.61 
186 
.06 
Trace. 
1.20 
2.16 
.012 
.01 
1.26 
24.00 
60.50 

Percent. 
36.14 
32.28 
.48 
2L89 
.06 
Trace. 
1.26 
2.07 
.012 
.006 
1.28 
24.60 
60.00 

Percent. 
36.00 
32L28 
.40 
2L26 
.012 
Trace. 
1.82 
2.24 
.008 
None. 
.616 
26.00 
50.00 

Percent. 

33.71 

33.41 

.26 

112 

.01 

Trace. 

L16 

1.14 

None. 

None. 

.17 

26.00 

60.00 

Percent. 
35.61 
30.00 
170 
1.75 
1.11 
1.006 
1.70 
150 
.002 
.006 
6.50 
17,11 
40.20 

Percent: 
46.14 
21.53 
4.80 
160 
LOl 
.006 
1.20 
.066 
.007 
None. 
None. 
21.66 
40.30 

Percent. 
36.14 
3140 
4.00 
3.20 
105 
1.03 
.06 
.04 
.002 
None. 
8.25 
13.81 
48.40 

Percent, 

41.43 

24.06 

120 

.20 

1.50 

160 

1.54 

.06 

.008 

.003 

Titanic  adc 
SOioa. 

I 

6.75 

X.67 

MetaUiclron 

48.x 

Of  these  analyses  the  average  Fe  content  is  49.23  per  cent  and  the 
average  TiO,  content  10.96  per  cent.  The  average  titanium  content 
is  somewhat  lower  than  the  average  for  titaniferous  magnetites.  It 
would  be  fairer,  however,  to  take  an  average  of  analyses  10,  ll,  12, 
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and  13  and  count  that  as  one  analysiB,  and  the  same  with  14,  15,  16, 
and  17,  as  they  represent  only  different  parts  of  a  drill  core.  If  the 
analyses  are  averaged  on  this  basis,  there  is  practically  no  change  in 
the  iron,  but  the  average  titanium  content  becomes  13.23  per  cent 
TiO^y  a  percentage  that  is  more  nearly  the  normal.  The  unusual 
feature  of  this  ore  is  the  wide  range  shovni  by  the  titanimn.  In 
general,  the  titanium  present  in  a  given  deposit  is  fairly  constant. 
In  the  case  of  these  ores,  the  percentage  of  titanic  acid  ranges  from 
zero  to  nearly  37  per  cent.  Phosphorus  is  present  in  the  form  of 
apatite  in  considerable  amount  locally,  but  averages  low.  Another 
point  of  note  is  the  absence  of  spinel  in  the  thin  and  the  polished 
sections  examined. 

MBTALLOORAPHIC  DESGRIPTION   OF  THE  ORES. 

Polished  sections  of  the  ores  show  considerable  uniformity  as  re- 
gards the  intergrowth  of  magnetite  and  ilmenite.  Otherwise,  as  one 
would  expect  from  the  description  of  the  ores,  there  is  considerable 
variation.  As  is  generally  the  case,  pohshed  sections  of  the  femic 
ores  show  more  gangue  than  is  apparent  in  the  hand  specimens;  and 
there  is  every  gradation  from  piure  ore  wholly  lacking  in  the  essential 
constituent  in  the  gabbro  to  rock  that  can  be  called  nothing  more 
than  magnetite-bearing  gabbro. 

The  ratio  of  magnetite  to  ilmenite  also  varies  from  ore  in  which 
ilmenite  is  almost  lacking  to  ore  in  which  magnetite  is  almost  lacking. 

The  characteristic  of  most  of  the  polished  sections  is  the  minute 
association  of  the  titanium  in  the  magnetite  with  the  magnetite. 
Very  little  duU-black  magnetite  occurs.  Most  of  it  shows  a  dull-gray 
mottled  effect  to  a  bright  iridescent  effect.  These  effects  pass  over, 
however,  by  gradual  transitions,  to  minute  networks,  and  these  into 
coarser  networks.  Also  by  increasing  the  magnification  sufficiently 
seemingly  continuous  iridescent  surfaces  can  be  resolved  into  a  close 
minute  network  of  ilmenite  against  a  black  background  of  magnetite. 
Plate  Vn,  B,  shows  an  area  of  gangue  and  one  of  magnetite  with 
ilmenite  intei^growths.  Adjacent  to  the  gangue  area,  the  ilmenite  is 
so  closely  intergrown  as  to  form  a  nearly  continuous  bright  surface. 
This  passes  over  into  a  delicate  network.  Plate  IX,  A,  shows  a  well- 
developed  minute  deUcate  network,  which  with  less  magnification 
gives  the  magnetite  grain  a  semilustrous  appearance. 

Though  these  minute  intergrowths  are  the  prevaiUng  ones,  other 
forms  also  occur.  Some  of  the  sections  show  beautifully  developed 
network  of  the  normal  coarseness.  Others  show  very  coarse  open  net- 
work passing  over  into  areas  containing  only  isolated  thick  lameUsd. 
Plate  Vni,  B,  shows  an  ore  of  an  unusually  coarse  network.  The 
thin  border  of  ilmenite  about  the 'outline  of  magnetite  grains,  as 
iUustrated  in  Plate  lY,  A,  also  occuis. 
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POSSIBIIilTIES  OF  UTILIZATION. 

Deposits  of  titaniferous  magnetite  are  very  numerous  in  north- 
eastern Minnesota,  but  as  a  general  proposition  it  may  be  stated 
that  the  high-grade  deposits  are  too  small  and  the  laige  deposits  too 
lean  to  work. 

To  utihze  the  large  deposits  magnetic  concentration  would  be 
necessary,  but  the  nature  of  the  ore  is  such  as  not  to  promise  satis- 
factory results.  From  deposits  in  which  nearly  all  of  the  ore  con- 
sists of  ihnenite,  considerable  titanium  could  be  removed,  but  the 
concentrates  would  form  only  a  small  part  of  the  original  material. 
The  ore  of  other  deposits  in  which  the  magnetite  forms  a  considerable 
percentage  of  the  ore  is  usually  swarming  with  the  minute  inclusions 
of  flmenite  just  described.  Any  considerable  diminution  of  the  tita- 
nium content  in  such  ore  is  out  of  the  question.  Below  are  presented 
results  of  a  separation  made  of  a  specimen  showing  only  few  grains 
of  ilmenite  and  bearing  magnetite  that  exhibited  the  dull,  mottled, 
and  bright  iridescent  surfaces  characteristic  of  the  ore  from  the  Iron 
Lake  region. 

RetulU  of  magnetic  concentration  of  Iron  Lake  ore. 


Quantity. 

Fe 

TiO, 


Un- 

sorofliMd 
ore. 


Pereeta. 


63.30 
24.30 


Ore    throogh    60- 

nMBh,  over  100- 

iiush.a 


Magnetic 


PereenL 

gs.a 

54.83 
23.16 


Non> 
magnetic 


FereetU, 
6.7 
30.60 
40.87 


Ore 
tturoogh 


thanUXK 
nie8h.» 


U^yif^ 


FereemL 
92 

64.13 
23.58 


«  38.5  per  oent. 


ft  61.6  percent. 


These  results  confirm  the  intimate  relation  of  magnetite  and  ilmen- 
ite brought  out  by  the  metallographic  study. 

In  addition  to  the  disadvantages  of  these  deposits  already  men- 
tioned, their  inaccessible  location  must  also  be  taken  into  considera- 
tion. 
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WYOMING. 

IRON  MOUNTAIN. 

Iron  Mountain  is  situated  in  the  southeastern  part  of  Wyoming,  20 
to  25  miles  northeast  of  Laramie  and  9  miles  west  of  Iron  Mountain, 
on  the  Colorado  &  Southern  Railroad.  A  second  similar,  but  smaller, 
deposit  occurs  on  the  Shanton  ranch,  about  5  miles  to  the  southwest. 
The  two  localities  can  be  reached  by  taking  the  Sibylee  stage  from 
Laramie  and  stopping  at  Wayside.  The  Shanton  occurrence  lies 
about  3  miles  from  Wayside,  and  Iron  Mountain  about  8  or  9  miles, 
by  trails  which  are  easy  to  follow.  Iron  Mountain  can  be  as  readily 
reached  from  Iron  Mountain  station. 

The  occurrence  of  magnetic  iron  ore  at  Iron  Mountain  has  been 
known  for  a  great  many  years,  and  numerous  accounts,  more  or  less 
complete,  have  been  given  of  the  deposit. 

Stansbuiy  '  as  early  as  1853  mentioned  the  occurrence  of  immense 
numbers  of  rounded  black  nodules  of  magnetic  iron  ore  which  seemed 
of  unusual  richness  in  the  bed  of  CHugwater  Creek  and  on  the  side  of 
the  adjacent  hills. 

In  1870,  Hayden^  called  attention  to  the  deposits  in  the  following 
words: 

Near  the  Bourcee  of  the  Chugwater  are  some  very  rich  iron  mines,  which  may  prove 
of  great  value  to  the  country  in  the  future.  The  fact  of  their  existence  has  been  known 
foraomeyears^btttnodefiniteknowledgeof  them  has  been  given  to  the  world.  *  *  *. 
In  the  winter  of  1859-60,  while  attached  to  the  exploring  expedition  of  Gen.  W.  F.  Ray- 
nolds,  I  made  a  trip  to  the  sources  of  the  Chugwater,  and  foimd  great  numbers  of  these 
worn  masses  of  iron  ore;  but  not  until  a  comparatively  recent  period  were  they  traced 
to  their  source  in  the  mountains.  During  the  construction  of  the  Union  Pacific 
Railroad  some  of  the  engineers  visited  the  mines  and  spoke  of  their  future  value.  In 
the  summer  of  1868 1  had  an  opportunity  of  examining  this  region  in  company  with  Dr. 
T^^trham  and  Judge  Whitehead,  of  Wyoming,  and  found  the  mines  much  richer  and 
more  extensive  than  had  previously  been  supposed.  We  commenced  our  examina- 
tion in  the  valleys  of  the  smaller  branches  of  the  ''Chug''  as  they  emerge  from  the 
mountains,  and  found  that  the  stray  masses  of  iron  ore  were  confined  to  one  of  them. 
Following  the  branch  up  into  the  range  we  soon  came  to  the  ore  beds  themselves,  which 
we  found  to  be  interstratified  among  the  red  feldspathic  granites  which  compose  the 
nucleus  of  the  range.  The  ore  beds  incline  in  the  same  direction  with  the  granites, 
and  have  the  same  joints  and  cleavage,  and  the  examples  of  alickensides  are  numeipous. 
They  are  not  continuous,  and  are  confined  to  a  restricted  area,  yet  Mr.  Whitehead 
traced  one  of  the  beds  a  distance  of  over  1)  miles.  The  ore  is  located  much  like  that 
in  the  Lake  Superior  region,  and  is  probably  of  the  age  of  the  Laurentian  rocks  of 
Canada.  The  quantity  of  ore  in  this  locality  appears  to  be  unlimited.  Thousands 
of  tons  have  been  washed  down  into  the  valley  of  the  "  Chug"  and  distributed  among 
the  superficial  drift.  As  we  leave  the  ore  beds  themselves  these  stray  masses  are  larger 
and  more  angular,  and  as  we  pass  down  the  *'Chug"  they  dwindle  to  minute  pebbles 

•  Btansbnry,  Howard,  Ezi^ontloa  md  sutysj  of  the  TsUey  of  the  Great  Salt  Lake  of  Utah,  Washington, 
1863,  p.  206. 

*  Haydn,  F.  V.,  Ptelimhiary  report  of  the  United  States  geological  surrey  of  Wyoming  aiid  portions  of 
oontlgoocis  tflRltory,  1870,  p.  14. 
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ftnd  dkftppear.    Mr.  J.  P.  Oaraon,  of  New  York,  ui  asBiBtaiit  in  the  survey  of  IMS, 
made  the  following  analysis  of  this  ore,  at  the  school  of  mines,  Columbia  College: 

Sesquioxide  of  iron. 45. 03 

Pzotoxide T. 17.96 

SiUca 76 

Titanic  acid 23.49 

Alumina 3.98 

Sesquioxide  of  chromium 2. 45 

Sesquioxide  of  manganese L  53 

Lime Lll 

Oxide  of  zinc 47 

Magnesia 1. 56 

Sulphur 1.44 

Phosphorus Trace. 

99.78 
Fe 45.49 

King  ^  briefly  refers  to  and  Hague  ^  describes  the  occurrence  of  a 
gabbro  consisting  essentially  of  labradorite  and  diallage  which  pro- 
trudes the  granitoid  rocks  in  the  form  of  low  irregular-shaped  domes 
and  knolls  east  of  Iron  Mountain  and  Chugwater  and  Horse  Creeks. 
A  microscopic  description  of  this  rock  is  given  by  Zirkel.^  Hague  does 
not  seem  to  have  realized,  however,  that  this  rock  forms  the  wall 
rock  of  the  ores,  as  he  describes  the  deposit  as  follows: ' 

Iron  Mountain,  to  which  reference  had  already  b^n  made,  is  a  mass  of  titanif  erous  iron, 
or  ilmenitei  and  is  situated  just  north  of  the  Chugwater  Greek,  about  1}  miles  above 
the  point  where  the  stream  leaves  the  hills.  The  monntain  rises  about  600  feet  abov« 
the  stream  bed,  is  irregular  in  form,  but  has  a  somewhat  oval-shaped  outline.  It  occurs 
intercalated  in  the  granite,  standing  nearly  vertical,  with  the  walls  in  places  sharply 
defined;  this  is  the  case  in  the  canyon,  where  the  dark  iron  body  resembles  a  broad 
dike,  which  rises  to  the  top  of  the  canyon  wall.  Frequently  large  masses  of  granite 
are  nearly  incased  in  the  iron,  and  again  the  iron  body  puts  out  into  the  surrounding 
granite.  The  main  deposit  of  iron  is  nearly  a  quarter  of  a  mile  in  length,  with  a 
strike  a  little  to  the  west  of  north  and  east  of  south.  To  the  north  the  main  deposit 
terminates  somewhat  abruptly;  but  southward  it  crosses  the  canyon,  and  may  be 
traced  cropping  out  through  the  granitoid  rocks  witii  the  same  general  strike  for  nearly 
2  miles,  in  the  direction  of  Pebble  Greek.  These  outcrops  vary  much  in  size,  mostly 
mere  narrow  seams  and  small  irregular  patches  of  iron,  which  disappear  in  the  sur* 
rounding  granite.  Still  ftuther  to  the  south,  just  above  Horse  Greek,  considerable 
deposits  again  make  their  appearance,  but  much  smaller  than  Iron  Mountain,  and, 
like  the  latter,  have  been  held  for  valuable  mineral  bodies;  they  are  probably  only  a 
continuation  of  th»  larger  one.  The  ilmenite  occurs  chiefly  as  a  compact  masave 
deposit,  iron-black  in  color,  with  a  snbmetallic  luster.  It  is  frequently  found,  how- 
ever, with  a  coarse  granular  structure.  It  is  accompanied  by  small  amounts  of 
magnetite  and  hematite,  which  decompose  and  give  portions  of  Uie  mass  a  brownish- 
red  appearance.  Prof.  O.  D.  AUto,  of  Yale  College,  examined  specimens  of  the 
Iron  Mountain  ore,  and  found  it  to  contain  a  mixture  of  ferrous  and  ferric  oxide,  which 
gave  60.83  per  cent  of  metallic  iron,  combined  with  23.32  per  cent  of  titanic  acid. 

•  King,  CUreooft,  Unitod  States  geokvlcal  exploration  of  tbo  40th  panQol,  toI.  1, 1S78,  p.  37. 
»  King,  Clartnoa,  op.  dt.,  tqI.  %  1877,  p.  13. 

•  King,  dannoa,  op.  dL,  r6L  %,  W%,  pp.  107-103. 

•  Kli«,  GtaNMS,  op.  olt.,  toL  %  Itn,  pp.  14-lS. 
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Other  Bamplee  of  the  ore,  analyzed  by  Prof.  Richards,  of  the  Institute  of  Technolo^ 
in  Boston,  gave  the  following  results: 

Ferrous  oxide 24. 55 

Ferric  oxide 48. 97 

Titanic  acid 23.18 

Sulphur 03 

Residue  insoluble  in  acid 2. 15 

98.88 
Metallic  iron 53.33 

Samples  of  the  coarse  granular  variety,  collected  from  the  deposits  south  of  Iron 
Mountain,  yielded  Mr.  R.  W.  Woodward  the  following: 

Metallic  iron 34.29 

Titanic  acid 49.47 

All  the  samples  examined  gave  a  very  high,  although  a  varying,  amount  of  titanic 
add. 

This  high  percentage  of  so  refractory  a  substance  as  titanic  acid  renders  the  vast 
deposits  of  iron  of  but  little  use  for  practical  purposes  in  iron  smelting,  which  is  to 
be  regretted,  as  the  beds  in  the  Laramie  Hills  could  be  easily  mined,  and  are  so  well 
located  in  reference  to  a  market  and  the  known  resources  of  iron  in  Wyoming  are  so 
limited. 

An  account  in  the  Tenth  Census  is  quoted  direct  from  Hayden's 
description.* 

The  next  mention  of  the  deposit  is  made  by  Knight,^  who  gives 
the  following  results  of  analysis: 

Remits  ofanalyns  of  Iron  Mountain  ore. 

Percent. 

SiOj 1.21 

TiO, 22.43 

Fe^, 47.21 

FeO 25.80 

S 1.14 

97.79 
Fe 51.72 

Kemp*  reviews  the  information  available  in  1899.  Commenting 
on  Hague's  descriptiojii  he  says  that  the  relations  strongly  suggest 
an  intruded  origin,  and  that  ''granite  is  an  unusual  wall  rock  for 
titaniferous  magnetites,  but  gabbro,  it  is  interesting  to  note,  occurs 
in  the  immediate  vicinity.''  He  also  mentions  a  rock  obtained 
from  Prof.  Knight  labeled  the  wall  rock  of  the  titaniferous  ores 
which  in  thin  section  is  a  typical  gabbro  consisting  mostly  of  labra- 
dorite*  and  says:  ''Olivine  gabbro  would  be  a  much  more  natural 

•  Tenth  Cansas,  1880,  toI.  15,  p.  485. 

»  Kni^,  W.  C,  Ball.  14,  Univ.  of  Wyoming  Exp.  StatUm,  1803,  p.  177. 

e  ISJemp,  J.  ¥,,  A  brief  review  of  the  titaniferoos  magnetites:  Sch.  of  Mines  Quart.,  1809,  pp.  352-355. 

*  HQl,  B.  F.,  Notes  on  a  set  of  rocks  from  Wyoming  ooUected  by  Prof.  Wilbur  C.  Knight,  of  the  University 
of  Wyoming:  8eh.  of  Mines  Quart.,  toI.  ao,  1800,  p.  364. 

88409**— Bull,  64—13 8 
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wall  rock  than  granite,  and  if  it  is  the  wall  rock  in  some  of  the  ex- 
posures, it  would  establish  the  kinship  of  the  ore  with  the  gabbro, 
and  kinship  that  anyone  familiar  with  the  ores  of  this  type  would  at 
once  believe  and  assume."  Kemp  further  calls  attention  to  the 
notable  percentage  of  zinc  in  the  ore  as  determined  in  Carson's 
analysis  cited  by  Hayden,  and  compares  it  with  the  Rhode  Island 
ore  in  this  respect.  Lindgren^  also  calls  attention  to  the  fact  that 
the  presence  of  zinc  is  unusual  in  titanomagnetites. 

Idndgren's  paper  contains  the  first  definite  statement  of  the  char- 
acter of  the  deposit,  and  the  next  four  paragraphs  are  quoted  from  it. 

Most  of  the  deposits  of  titanic  iron  ore  fonn  irregular  masses  or  fairly  sharply  out- 
lined streaks  in  gabbro,  or  still  more  commonly  in  anorthosite  (labradorfels).  Dis- 
tinct dikes,  undoubtedly  indicating  separate  igneous  injection  of  molten  magma  of 
titanic  iron  ore,  have,  however,  also  been  described  by  Kemp  from  the  Calamity 
Brook  district  in  the  Adirondacks,  and  by  Vogt  from  near  Ekersund,  Norway,  and  the 
locality  in  Wyoming  is  chiefly  interesting  as  belonging  to  this  type. 

The  rocks  prevailing  here  are  chiefly  Paleozoic  limestones  and  sandstones,  in  rolling 
folds,  and  these  continue  for  6  or  7  miles  up  Chugwater  Greek.  The  dips  here  become 
steeper  and  the  imderlying  pre-Cambiian  rocks  appear.  As  far  as  my  observations 
went  they  consist  exclusively  of  a  labradorite  rock  of  coarse  grain  which  forms  rough 
gray  outcrops.  The  rock  can  scarcely  be  called  a  gabbro,  for  the  pyroxene  grains  are 
very  sparingly  distributed.  It  contains  very  little  magnetite  or  ilmenite.  Going  up 
1  mile  fekrther,  the  chief  deposit  is  encountered;  it  crosses  the  canyon  of  the  Chug- 
water as  a  solid  dike  100  to  200  feet  wide,  and  can  be  seen  extending  up  several  hun- 
dred feet  in  elevation  on  both  sides  of  the  creek.  The  mass  is  said  to  be  traceable  for 
half  a  mile  north  and  south  of  Chugwater  Creek.  The  amount  of  iron  ore  in  sight  is 
most  remarkable.  The  contacts  are  not  exposed  to  the  best  possible  advantage,  but 
have  the  appearance  of  being  sharp  and  well  defined .  The  black  titanic  iron  ore  seems 
entirely  pure  and  free  from  accompanying  minerals;  at  least  a  search  along  the  base 
of  the  outcrop  revealed  no  other  constituents  of  the  mass. 

About  400  feet  below  the  main  deposit  there  is  exposed  on  the  southern  wall  of  the 
canyon  a  smaller  dike  only  about  10  feet  wide.  The  contacts  are  well  exposed  and 
show  a  medium-grained  gray  labradorite  rock  abutting  sharply  against  the  dike  of 
titanic  iron  ore.  The  dike  does  not  continue  on  the  north  side  of  the  canyon,  the 
bottom  of  which  is  filled  with  considerable  debris.  The  greater  part  of  the  width  of 
the  dike  is  composed  of  massive  titanomagnetite;  but  adjoining  the  western  contact 
the  iron  ore  for  a  width  of  1  or  2  feet  contains  large,  imperfect  crystals  of  olivine 
embedded  in  a  cementing  mass  of  the  black  mineral.  This  association  of  olivine  and 
titanomagnetite  is  somewhat  unusual;  Prof.  Vogt,  in  fact,  declares  that  it  is  not 
known  to  occur  (Z.  f.  Prakt.  Geol.,  1900,  p.  292)  in  the  differentiated  ores.  The  black 
mineral  immediately  adjoining  the  olivines  contained,  upon  qualitative  test,  a  large 
amount  of  titanium. 

Evidently  the  points  where  Mr.  Hague  saw  the  deposits  were  not  the  same  as  the 
locality  here  described,  for  the  dike,  as  noted,  extends  over  a  considerable  distance. 
The  only  granitic  rock  observed  at  the  place  described  was  a  small,  dikelike  mass  of 
fine-grained  biotite  granite  on  the  north  side  of  the  canyon,  nearly  opposite  the  smaller 
dike  of  iron  ore. 

On  November  21,  1904,  Kemp  presented  an  abstract  of  a  paper  on 

"The  Titaniferous  Magnetite  in  Wyoming"*  before  the  New  York 

»    ^— — ^^^— ^i^.».^—^^»^— ^»^^~^  ■  .1  ■-      ■■  ■  . ,.^,^^^^.^__^,    .  ^1 II.,,      ,^.^,^, 

a  Llndgren,  W.,  A  deposit  of  titanic  iron  on  llrora  Wyoming:  Science,  yoI.  16, 1902,  pp.  084-069. 
»  Amer.  Oeol.,  yoI.  25, 1006,  p.  64. 
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Academy  of  Sciences;  which  appeared  the  following  winter  in  the 
Zeitschiift  fur  praktische  Geologie.'  This  paper  agrees  substan- 
tially with  the  views  expressed  by  lindgren  and  describes  the  occur- 
rences in  greater  detail.  The  following  abstract  gives  the  essential 
features  of  the  paper: 

The  geology  of  the  region  is  roughly  indicated  in  figure  1.  The 
anorthosite  belt  extends  in  a  northeasterly  direction  for  a  distance  of 
nearly  20  miles  without « showing  any  appreciable  variations.  A 
plagioclase  of  the  composition  bytownite-labradorite  makes  up  almost 
the  entire  rock.  As  accessory  constituents  occur  monoclinic  pyrox- 
ene, a  little  hornblende^  some  chlorite,  a  little  calcite,  and  a  few 
grains  of  titaniferous  magnetite.  The  anorthosite  is  cut  by  granite 
dikes  of  granophyric  texture,  which  seem  to  be  somewhat  more 
resistant  to  erosion  and  stand  out  at  a  height  of  about  1  meter  above 
the  anorthosite.  Two  such  dikes  cut  the  ore  body  on  Iron  Moun- 
tain. One  of  these  is  a  biotite  granite  consisting  of  microcline, 
quartz,  biotite,  and  a  little  plagioclase.  Titaniferous  magnetite 
occurs  at  two  localities.  One  of  these  is  at  the  Shanton  ranch,  about 
6  miles  southwest  of  Iron  Mountain,  where  the  ore  outcrops  in  t^e 
form  of  a  black  wall  above  its  surroundings.  The  largest  ore  body 
has  a  length  of  500  meters  and  a  width  varying  from  25  meters  to 
zero,  with  an  average  width  of  6  meters.  The  analysis  made  by 
Woodward  and  cited  by  Hague  may  be  of  a  sample  from  this 
occurrence. 

A  careful  examination  of  the  outcrop  failed  to  reveal  any  mineral 
other  than  the  magnetite,  which  shows  a  smooth  polished  surface  as 
a  result  of  the  sand  and  dust  blown  over  it  by  the  violent  winds. 
Thin  sections  of  the  ore  reveal  the  presence  of  many  inclusions  of 
green  spinel,  which  suggests  the  magnetite  spinelite  of  Routivara^ 
and  the  mines  at  Peekskill  on  the  Hudson.^ 

The  most  important  outcrop  of  the  ore  is  that  at  Iron  Mountain, 
which  is  cut  into  two  parts  by  Chugwater  Creek,  the  larger  part  lying 
to  the  north  of  the  creek  and  having  a  northwesterly  strike.  The 
ore  projects  as  a  black  dam  across  the  anorthosite,  and  forms  the 
ridge  of  the  hiU  for  a  distance  of  about  2  miles.  The  contact  of  ore 
and  country  rock  is  everywhere  smooth  and  even  slickensided  and  free 
of  all  transitions.  The  summit  of  the  hUl  rises  about  1,000  feet 
above  the  valleys.  On  the  slope  of  the  hill  are  two  subordinate  ore 
dikes.  With  the  exception  of  the  locality  next  described,  the  ore  is 
free  from  all  gangue  minerals. 

On  the  south  side  of  Chugwater  Creek,  a  short  distance  east  of  the 
main  ore  body,  is  a  smaller  dike  about  15  feet  wide  which  carries  con- 

•  Die  LagenUtttan  titanhaltlgen  EtoOMnes  im  Lanmie  Range,  WToming,  VereinigtenStaataD:  February, 
1906,  pp.  71-80. 
k  Peteneon,  W.,  Geol.  Fflren  FOrhandl.,  vol.  15, 1888,  p.  4ft. 
«  WflUama,  O.  H.,  Am.  Jour.  BcA,,  Mandi,  1887,  p.  197. 
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siderable  oliyine.  The  olivine  occurs  irregularly,  but  is  more  abun- 
dant near  the  periphery  of  the  dike.  No  change  in  the  character  of 
the  anorthosite  is  noticeable  at  the  contact,  which  is  well  exposed 
here. 
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FiouRC  1.— Oecriogteal  sketch  of  the  region  between  Laramie  andChugwater  Creek,  Wyo.  (after  Kemp). 

Though  the  titaniferous  magnetites  are  usually  looked  upon  as  basic 
segregations,  the  manner  of  occurrence  of  this  ore  body  establishes 
beyond  doubt  its  intrusive  character.    It  must  be  looked  upon  as  a 
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dike.  The  occurrence  of  such  an  ore  body  is  not  as  surprising  as 
might  seem  at  first  thought.  Titanium  plays  the  same  r61e  in  erup- 
tive rocks  as  silica,  and  these  ores  have  an  average  of  23  per  cent  TiO,. 
In  other  words,  they  are  an  iron  titanate  instead  of  ferromagnesian 
silicates. 

The  chemical  composition  of  the  anorthoaites  is  likewise  significant.  They  contain 
little  besides  silica,  aliunina,  lime,  and  soda.  In  a  normal  rock  we  would  also  expect 
iron  and  magnesium  and  a  small  percentage  of  TiOs.  If  an  original  simple  magma 
gave  rise  through  differentiation  to  these  two  contrasting  formations,  which  in  their 
chemical  relation  are  so  abnormal,  it  was  nothing  less  than  exceptional.  Therefore, 
it  is  not  surprising  that  a  titaniferous  magnetite  is  foimd  where  the  chief  product  is 
a  ferromagnesian  free  anorthosite.  Also  a  small  iron  and  titanium  content  distributed 
through  a  large  mass  can  through  concentration  bring  about  the  fprmation  of  a  very 
considerable  ore  body. 

The  deposit  .was  also  visited  and  described  in  1906  by  Ball.^  He 
gives  some  data  not  contained  in  the  descriptions  already  discussed, 
and  these  are  repeated  here. 

Iron  Mountain  is  described  as  a  rugged  ridge  300  to  600  feet  wide 
and  11  miles  long,  its  exact  location  being  given  by  Ball  as  in  sec- 
tions 22,  23,  26,  and  27,  T.  19  N.,  R.  71  W.     He  says  further: 

Besides  this  main  body  of  the  magnetic  iron,  minor  masses  occur  in  the  pre-Cam- 
brian  rocks  in  a  belt  which  is  reported  to  extend  from  Horse  Greek  to  Sibylee  Greek,  a 
distance  of  20  miles.  This  belt,  which  courses  a  little  east  of  north  and  west  of  south, 
is  in  places  5  miles  wide.    *    *    * 

The  greater  portion  of  the  main  deposit  passed  into  the  hands  of  the  Union  Pacific 
Railroad  as  part  of  the  land  granted  to  it  in  1862.  In  1872  a  wagon  road  was  built  to 
the  deposit,  prospectors  rushed  in,  and  the  whole  countryside  was  staked.  In  the  fol- 
lowing year  a  post  office,  Iron  Mountain,  was  established  at  the  base  of  the  Iron  Ridge, 
but  was  abandoned  in  1874.  Eight  or  ten  years  ago  the  Golorado  Fuel  A  Iron  Go. 
employed  15  teams  for  several  months  in  hauling  ore  from  the  moimtains  to  the  rail- 
road, where  it  was  shipped  to  their  smelters  at  Pueblo.  The  work  was  suddenly  aban- 
doned, however,  although  the  same  company  is  reported  to  have  made  a  small  ship- 
ment four  years  ago.  In  1905  and  1906  the  main  ore  body  was  visited  by  a  number  of 
surveying  corps,  and  the  Golorado  Land  A  Iron  Go.  is  said  to  have  located  claims 
between  Ghugwater  and  Sibylee  Greek. 

The  pre-Gambrian  complex  near  the  laige  dike  of  Iron  Mountain  consists  of  three 
granular  igneous  rocks — an  anorthosite,  the  iron  ore,  and  a  granite.  The  anorthosite 
is  the  oldest  of  these  and  is  cut  by  dikes  and  lenticular  masses  of  iron  ore  and  granite. 
The  relative  ages  of  the  iron  ore  and  granite  was  not  certainly  determined,  since 
exposures  are  poor  where  the  two  rocks  are  close  together.  All  of  the  available 
evidence,  however,  indicates  that  the  iron  ore  is  older  than  the  granite. 

The  mass  of  iron  ore  is  an  igneous  dike  1}  miles  long  and  40  to  300  feet  wide,  the 
greatest  observed  width  being  at  the  point  where  Ghugwater  Greek  cuts  through  the 
maas.  The  dike  trends  east  of  north;  most  of  it  lies  north  of  the  creek.  It  widens 
and  contracts  rather  abruptly  throughout  its  course.  Toward  the  north  it  gradually 
nanowB  and  finally  disappears,  while  300  feet  south  of  Ghugwater  Greek  it  narrows 
slightly  and  then  abruptly  ends.  At  several  places  it  is  almost  cut  in  two  by  wedge- 
like  maases  of  granite,  but  throughout  practically  its  whole  length  it  is  bordered  by 


•  Ball,  8.  H..  Titaniferoufl  Inm  ore  of  Iron  Mountain,  Wyo.    Contributions  to  Economic  Qeolosy: 
BnlLSU*  U.  8.  QmA,  Bomfy,  1907,  pp.  «»-aU 
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anorthosite.  The  contact  between  the  anorthosite  and  the  ore,  where  ezi>09ed,  is 
sharp,  neither  rock  having  undergone  important  gradational  changes.  A  second  dike 
of  iron  ore  is  exposed  300  feet  downstream  (east)  on  the  south  side  of  Ghugwater  Creek; 
this  dike  varies  in  width  from  6  to  20  feet  and'  is  clearly  intrusive  in  the  anorthosite, 
with  which  it  has  sharp  contacts.  About  one-eighth  of  a  mile  southeast  of  the  south 
end  of  the  main  mass  is  a  third  dike  of  iron  ore  in  anorthosite.  The  trend  of  this  dike, 
which  is  300  feet  long  and  from  10  to  30  feet  wide,  is  approximately  parallel  to  the 
main  mass.  Several  small  magnetite  dikes  that  are  from  10  to  50  feet  long,  and  have 
maximum  widths  of  3  feet,  lie  east  of  this  mass  in  parallel  alignment. 

The  iron  ore  is  a  black,  granular,  holocrystalline  igneous  rock,  with  constituent 
grains  varying  from  one-eighth  to  one-half  inch  in  diameter.  It  has  a  metallic  or  sub- 
metallic  luster.  Changes  in  granularity  occur  in  irregular  masses  or  along  well- 
defined  parallel  planes.  In  consequence  of  this  distribution  the  rock  has  at  some 
places  an  original  gneissic  structure.  The  greater  portion  of  the  iron  is  free  from 
mechanical  impurities,  but  biotite,  olivine,  and  feldspar  are  sporadically  distributed 
throughout  its  mass.  Olivine  is  particularly  abundant  in  portions  of  the  smajl  dike 
300  feet  east  of  the  main  mass.  The  iron  ore  is  cut  by  rather  closely  spaced  joints  and 
by  slickensided  fracture  planes.  In  consequence,  the  outcrop  is  angular,  and  its  suiv 
face  is  littered  with  square  blocks  broken  from  the  ore  in  place. 

As  seen  under  the  microscope  the  ore  in  some  specimens  consists  principally  of 
titaniferous  iron  with  a  little  spinel.  Other  thin  sections  show  considerable  olivine, 
while  biotite  and  labradorite  are  present  in  many  specimens  and  in  a  single  Bectioa 
a  crystal  of  what  appears  to  be  brown  hornblende  was  noticed. 

The  writer  considers  the  iron  ore  and  the  anorthosite  differentiation  products  of 
a  common  magma,  the  iron  ore  having  been  intruded  in  the  anorthosite  after  that 
rock  had  completely  solidified. 

The  above-quoted  abstracts  of  articles  by  Lindgren,  Kemp,  and 
Ball  show  that  their  views  as  to  the  nature  of  the  deposit  are  essen- 
tially in  accord.  There  are  a  few  inconsistencies  in  details  of  descrip- 
tion. To  serve  as  a  summary  of  this  review,  a  brief  description  of 
the  deposits  follows,  based  principally  on  the  writer's  own  obser- 
vations. 

mOK  MOUNTAIN  DEPOSITS. 

Iron  Mountain  forms  part  of  the  eastern  edge  of  a  pre-Cambrian 
area  cut  off  on  the  east  by  Paleozoic  limestones  and  sandstones. 
The  prevailing  rocks  of  the  pre-Cambrian  area  are  gneisses  and 
granites,  and  these  have  been  intruded  by  a  large  mass  of  anortho- 
site, which  has  itself  been  intruded  by  granitic  dikes.  Iron  Moun- 
tain is  a  ridge  a  little  over  a  mile  long  with  a  direction  a  little  west 
of  north,  and  an  altitude  of  about  1,000  feet.  It  is  made  up  prin- 
cipally of  anorthosite  into  which  has  been  intruded  a  large  mass  of 
magnetic  ore,  which,  on  account  of  its  greater  resistance  to  erosion, 
forms  the  summit  of  the  ridge.  The  width  of  the  ore  body  varies  con- 
siderably, ranging  from  50  to  200  feet.  The  ridge  of  the  mountain  is 
not  a  straight  line  but  consists  of  a  series  of  knolls  which  correspond 
to  the  wide  parts  of  the  ore  body,  such  places  offering  greater  resist- 
ance than  where  the  ore  body  is  narrow.  The  southern  part  of  the 
hiU  is  cut  through  by  Chugwater  Creek,  forming  a  steep  gorge,  in 
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the  sides  of  which  the  ore  body  is  well  exposed.  About  500  feet 
before  reaching  the  creek  the  dike  takes  a  sudden  turn  of  200  yards 
to  the  west  and  then  resumes  its  normal  strike.  Plate  X,  A,  shows 
the  part  of  the  dike  south  of  the  offset  as  seen  from  the  south  side 
of  Chugwater  Creek.  The  hill  in  the  right  background  is  the  main 
ridge  of  Iron  Mountain.  The  plate  shows  clearly  the  manner  in 
which  the  ore  projects  above  the  adjacent  rock.  About  400  feet 
south  of  the  creek  the  ore  body  suddenly  terminates. 

In  thin  section  the  anorthosite  is  a  medium  to  coarse  grained  rock 
consisting  almost  entirely  of  plagioclase  feldspar.  As  accessory  con- 
stituents it  contains  small  amounts  of  magnetite,  biotite,  and  a 
monoclinic  pyroxene.  All  of  these  minerals  have  been  somewhat 
altered,  giving  rise  to  the  usual  secondary  minerals.  A  httle  south 
of  the  center  of  Iron  Mountain  are  two  intrusions*of  a  biotite  granite 
which  seemingly  cut  the  ore  body.  This  rock  in  thin  section  is  seen 
to  consist  of  microcline  and  quartz,  with  considerable  orthoclase  and 
biotite. 

At  the  same  part  of  the  hilT  where  the  granitic  intrusions  occur, 
are  three  smaller  ore  bodies  on  the  west  slope.  One  of  these  is  only 
200  feet  below  the  summit,  and  the  others  nearer  the  foot  of  the 
hill. 

On  the  south  side  of  Chugwater  Creek,  300  feet  east  of  the  main 
dike,  is  a  smaller  dike  which  is  characterized  by  an  unusually  large 
amount  of  olivine  and  plagioclase,  and  shows  exceptionally  well  the 
contact  of  ore  and  anorthosite.  Plate  X,  B,  is  a  view  of  the  con- 
tact here  exposed.  The  rock  on  the  right  is  normal  anorthosite, 
which  abuts  directly  against  the  iron  ore  without  showing  any  change 
whatever.  That  the  ore  body  is  not  a  segregation  in  situ  but  an 
intruded  body  is  evident  from  this  exposure.  On  the  left  side  of 
the  plate  a  part  of  the  dike  is  shown.  Against  the  contact  is  a  band 
of  ore  about  1  foot  wide  that  contains  such  a  large  quantity  of  oU- 
vine  that  the  olivine  in  places  makes  up  half  of  the  bulk.  Next  to 
this  is  an  extremely  crumbly  layer  about  2  feet  wide.  This  con- 
tains, in  addition  to  olivine,  considerable  plagioclase  of*  the  same 
gray  color  characteristic  of  the  anorthosite.  This  part  is  a  granular 
aggregate  of  magnetite,  ohvine,  and  feldspar,  though  the  magnetite 
and  oUvine  tend  to  be  more  intimately  associated  with  each  other 
than  either  is  with  the  feldspar.  FoUowing  this  is  another  band 
consisting  of  magnetite  and  oUvine,  and  then  solid  ore  containing 
no  more  gangue  than  the  main  ore  body.  A  thin  section  of  the 
olivine-rich  ore  from  this  locality  consisted  principally  of  magnetite 
and  oUvine.  In  the  magnetite  were  a  few  dark-green  spinels  and 
two  small  flakes  of  biotite.  The  biotite  occurs  intimately  associated 
with  spinel,  the  spinel  almost  siurounding  and  thus  separating  them 
from  the  magnetite.    In  general  the  ore  of  the  main  ore  body  is  a 
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medium  to  coarse  grained  magnetite  containing  little  visible  gangue. 
Locally,  olivine  is  rather  abundant,  especially  on  the  northern  end 
of  the  mountain.  Biotite  is  also  widely  distributed,  but  not  in  great 
amounts.  On  polished  surfaces  considerable  spinel  is  seen  dissemi- 
nated through  the  magnetite,  and  in  thin  sections  this  is  still  more 
prominent.  The  crystals  attain  a  diameter  of  as  much  as  1  mm. 
In  one  slide  containing  more  olivine  than  the  normal  amount  several 
small  crystals  of  hornblende  occurred  in  the  ohvine.  A  white  crust 
of  calcium  carbonate  frequently  coats  the  ore,  especially  in  crevices. 
In  the  northwest  comer  of  the  large  outcrop  on  the  highest  point 
of  Iron  Mountain  is  a  layer  from  1  to  2  inches  thick  which  cuts  across 
the  ore  body  at  an  angle  parallel  to  the  hill  slope.  This  is  an  inti- 
mate mixture  of  fragments  of  ore  and  bimches  of  chlorite  in  a  matrix 
of  the  white  calcium  carbonate. 

The  following  results  of  analyses  of  the  ore  from  Iron  Mountain 
and  from  Shanton  ranch  are  available: 

Rendu  of  analyses  of  Iron  Mountain  ore. 
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•  Insoluble. 

Analyses  1,  2,  3,  4,  and  5  have  been  cited  in  the  foregoing  pages, 
1  being  from  Hay  den's  report,  2,  3,  and  4  from  Hague's,  and  5  from 
Bulletin  14  of  tlie  Wyoming  experiment  station.  Kemp  suggests 
that  4  may  be  from  the  Shanton  ranch  occurrence.  Analyses  6, 
7,  8,  9,  and  10  were  computed  from  analyses  of  concentrates  and 
tailings  made  by  A.  C.  Fieldner,  of  the  Bureau  of  Mines.  They  are 
analyses  of  specimens  of  ore  that  were  studied  metallographically. 
The  first  three  were  from  Iron  Mountain  and  the  last  two  from 
Shanton  ranch. 

With  the  exception  of  analysis  4,  the  analyses  show  considerable 
uniformity  in  the  composition  of  the  ore.  Ajialysis  4  contains  iron 
and  titanium  in  almost  the  exact  ratio  in  which  they  are  present  in 
ilmenite,  but  the  metallographic  study  has  failed  to  reveal  any  ores 
of  that  composition  at  either  Iron  Mountain  or  Shanton  ranch.    It 
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is  more  likely,  therefore,  that  the  sample  was  obtained  from  some 
other  small  deposit  nmniiig  unusually  high  in  titanium,  and  it  will 
be  left  out  of  consideration.  The  average  composition  of  the  ores 
from  both  occurrences  is,  then,  51.38  per  cent  Fe  and  21.84  per  cent 
TiO,.  The  titanium  content  is  somewhat  higher  than  the  average 
for  titaniferous  magnetites.  The  average  composition  is  equivalent 
to  an  ore  composed  of  49.84  per  cent  magnetite  and  41.5  per  cent 
ilmenite.  With  the  exception  of  analysis  1,  all  the  analyses  are  so 
incomplete  that  little  further  comment  can  be  made  on  them.  The 
high  percentages  of  sulphur  in  analyses  1  and  5  are  noteworthy,  as 
is  the  unusual  percentage  of  ZnO  in  1,  and  the  presence  of  several 
per  cent  of  Cr,0,. 

The  contact  between  the  ore  and  the  wall  rock  is  not  usually  exposed, 
but  wherever  the  relations  can  be  seen  it  is  sharply  defined.  There 
is  no  transition  from  ore  to  wall  rock.  The  anorthosite  in  contact 
with  the  ore  shows  the  same  features  that  characterize  the  anortho- 
site at  a  distance  from  the  contact.  The  ore  also  is  the  same  at  the 
contact  with  the  anorthosite  as  farther  within  the  ore  body.  That 
the  deposit  is  not  a  mpgmatic  segregation  in  situ  is  evident,  and  the 
relations  are  such  as  to  establish  beyond  doubt  the  intrusive  character 
of  the  ore.  The  relations  existing  between  anorthosite  and  deposits 
of  titaniferous  iron  ores  in  other  regions  as  in  Canada,  the  Adirondacks, 
Minnesota,  and  elsewhere,  make  it  most  probable  that  the  anortho- 
site and  iron  ore  came  from  the  same  parent  magma.  Deep-seated 
magmatic  segregation  took  place.  The  anorthosite  was  intruded, 
and  subsequently  the  iron  ore  body  was  intruded  into  it  in  the  same 
manner  in  which  the  igneous  dikes  were  intruded.  The  Iron  Mountain 
deposit  is  therefore  the  analogue  in  basic  igneous  rocks  of  the  lai^e 
deposits  in  acidic  igneous  rocks,  of  which  Eiruna,  in  Sweden,  is  the 
most  striking  example. 

SHANTON  RANCH  DEPOSITS. 

At  Shan  ton  ranch  are  several  smaller  dikes  of  similar  character 
to  the  Iron  Mountain  deposit.  They  are  situated  in  sec.  8  or  9,  T. 
18  N.,  R.  71  W.  The  geological  conditions  here  are  similar  to  those 
at  Iron  Mountain.  The  deposit  lies  within  the  anorthosite  belt, 
\(hich  here  is  also  cut  by  granitic  dikes,  one  of  which  is  exposed 
within  50  yards  of  the  ore.  The  deposits  occur  in  the  midst  of  a 
comparatively  level  stretch  of  land  above  which  they  rise  as  small 
hills,  the  summits  of  which  are  formed  by  the  iron  ore.  The  relative 
position  of  the  ore  body  is  shown  in  figure  2.  Outcrops  A,  B,  and  C 
are  probably  parts  of  the  same  ore  body,  though  the  exposures  are 
not  continuous.  Outcrops  D  and  E  are  smaller  isolated  occurrences. 
The  width  of  these  varies  from  20  to  80  feet,  the  maximum  width 
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being  attained  by  outcrop  C.    The  relations  of  the  ore  to  wall  rock 

are  the  same  as  at  Iron  Mountain,  and  the  same  explanation  of  their 

origin  holds. 
Results  of  analyses  of  the  ores  have  been  given  in  the  table  on 

page  120.    From  these  it  is  seen  that  they  are  essentially  of  the  same 

composition  as  the  Iron 
Motmtain  ores.  Macro- 
scopically  the  ores  from 
the  two  localities  are  also 
identical,  except  that  no 
olivine  or  feldspar  was 
seen  at  this  locality  and 
only  a  few  flakes  of  biotite. 
In  almost  all  specimens 
any  evidence  of  gangue 
minerals  is  lacking.  On 
poUshed  surfaces,  how- 
ever, the  presence  of  spi- 
nel-is revealed. 


8CBIPTION  OF  OBE. 

Etched  polished  sec- 
tions of  the  ore  show 
considerable  variation. 
The  ilmenite  forms  from 
one-tenth  to  one-third  of 
the  surface  of  the  sec- 
tions, types  of  which  are 
shown  in  Plate  II,  D,  and 
Plate  IX,  B.  The  ihnen- 
ite  grains  are  nearly  all 
about  0.25  mm.  in  diam- 
eter, and  some  areas  of 
ilmenite  have  a  surface  of 
104  sq.  mm.  The  shape 
of  the  grains  varies  from 
approximately  equidimeA- 
sional  to  distinctly  elongate.  The  elongate  grains  tend  to  occur  in 
between  the  grains  of  magnetite,  and  may  become  as  narrow  as  0.1 
nmi.  Some  of  the  broader  elongated  grains  fray  out  rapidly  on  the 
ends,  as  shown  in  Plate  XI,  A .    Though  usually  following  the  out- 
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line  of  the  magnetite  grains,  some  of  the  narrow  ilmenite  grains  take 
on  a  r^ular  arrangement  within  the  magnetite. 

Except  for  a  few  sections  in  which  olivine  was  present  in  consider- 
able amount,  little  gangue  is  visible.  The  most  prominent  mineral 
besides  the  olivine  is  spinel.  Though  not  present  in  lai^e  amount,  it 
occurs  throughout  the  ore  in  small  particles.  The  most  abundant 
inclusions  of  ilmenite  in  the  magnetite  show  on  the  polished  section 
as  dashes  and  dots.  The  long  lamellae  forming  the  r^ular  linear  net- 
work are  almost  entirely  lacking,  and  their  place  is  taken  by  the 
dashes  which  have  an  average  length  of  0.1  nun. 

The  dashes  occur  in  some  cases  widely  spaced,  giving  an  open 
structure,  as  in  a  part  of  Plate  XI,  B;  in  other  cases  they  are  very 
closely  crowded,  giving  a  dense  network  effect  as  in  Plate  XII,  A. 
This  finally  becomes  so  close  that  the  effect  of  a  somewhat  continuous 
surface  of  ilmenite  is  produced,  such  as  has  already  been  described  in 
the  case  of  Minnesota  and  other  ores. 

The  dots  are  in  two  sizes,  a  larger  series  having  a  diameter  of  about 
•^  to  tV  mm.  The  larger  dots  occur  irregularly  distributed,  or 
linearly  along  outlines  of  magnetite  and  rectilinearly  parallel  to 
cleavage  directions.  The  irregular  distribution  of  both  large  and 
small  dots  is  shown  in  Plate  XII,  B,  and  XIII,  A.  The  latter  also 
shows  the  development  of  the  ilmenite  lamellse.  The  rectilinear 
arrangement  of  the  larger  dots  is  shown  in  a  part  of  Plate  XI,  B. 

The  minute  dots  occur  in  irregular  swarms  and  become  so  minute 
in  places  as  to  be  scarcely  discernible.  A  great  deal  of  the  magnetite 
does  not  show  a  dull-black  surface,  but  has  a  gray,  mottled  appear- 
ance. This  is  doubtless  due  to  just  such  intergrowths,  which  have 
become  too  minute  to  be  resolved  with  a  microscope.  It  is  shown 
below  that  a  large  percentage  of  the  titanium  of  the  ores  occurs  within 
the  magnetite,  a  fact  in  accordance  with  the  above  explanation  of  the 
mottled  appearance  of  the  magnetite. 

A  further  interesting  feature  noted  is  the  abundant  development 
of  the  intersecting  lamellsB  along  certain  lines  in  the  magnetite, 
which  seem  to  be  the  outlines  of  the  magnetite  grains.  In  such  cases 
the  parts  of  the  magnetite  at  a  distance  from  these  lines  are  practically 
free  from  ilmenite  lamellie.    This  is  illustrated  in  Plate  XUI,  B. 
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Five  specimens  of  the  ore  were  crushed  and  separated  with  a  hand 
magnet.  The  first  three  were  from  Iron  Mountain  and  the  last  two 
from  Shanton  ranch.     The  results  follow: 

Results  ofmagruttc  separation  of  Iron  Mountain  and  Shanton  ranch  ore. 
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Of  these  five  samples  the  average  Fe  content  is  52.64  per  cent,  and 
the  average  TiO,  content,  20.83  per  cent.  Of  the  50-100  mesh  con- 
centrate the  average  Fe  content  is  56.97  per  cent,  and  the  average 
TiOa  content,  17.20  per  cent.  Of  the  concentrates  finer  than  100- 
mesh  the  average  Fe  content  is  57.42  per  cent,  and  the  average  TiO, 
content,  16.43  per  cent.  The  average  composition  of  the  50-100 
mesh  tailings  is  Fe  30.71  per  cent,  TiO,  38.29  per  cent.  This  corre- 
sponds to  a  composition  of  the  original  ore  of  52.56  per  cent  magnet- 
ite and  39.58  per  cent  ilmenite;  of  the  50-100  mesh  concentrates, 
62.05  per  cent  magnetite  and  32.68  per  cent  ilmenite;  of  the  concen- 
trates that  passed  through  a  100-mesh  screen,  63.41  per  cent  magnet- 
ite and  31.22  per  cent  ilmenite;  of  the  50-100  mesh  tailings,  72.75 
per  cent  ilmenite  and  5.40  per  cent  magnetite.  It  is  again  seen  that 
there  is  little  advantage  in  grinding  finer  than  50-me8h.  This  is  what 
one  could  predict  from  the  size  of  the  ilmenite  grains,  as  practically 
all  are  larger  than  the  size  passing  through  a  50-mesh  screen,  and  the 
ilmenite  intergrowths  in  the  magnetite  are  too  minute  to  be  separated^ 
by  the  100-mesh  crushing. 

The  disappointing  feature  is  the  small  amount  of  titanium  removed. 
A  careful  study  of  the  ore,  however,  reveals  the  cause  of  this.  Pol- 
ished sections  of  the  five  specimens  of  ore  subjected  to  magnetic 
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nental  Divide .  Its  elevation  above  tide  is  9,900  feet.  Two  small  openingB  were  made 
at  the  western  end  of  the  outcrop  some  years  since,  and  a  little  ore  was  taken  out  and 
teamed  to  Boyd's  smelter  at  Boulder.  The  pits  are  8  to  10  feet  deep  and  6  to  8  feet 
wide.  The  ore  exposed  in  them  and  seen  on  the  dump  varies  greatly  in  richness,  the 
mass  being  made  up  of  little  seams  of  rich,  compact  magnetite,  lying  in  a  siliceous  mag- 
netic rock.  The  outcrop  extends  along  the  crest  of  the  hill,  and  is  about  400  feet  in 
length.  The  north  side  of  the  hill  is  completely  covered  with  float  ore.  All  the  ore 
is  very  magnetic,  and  exhibits  polarity  to  so  marked  a  degree  that  the  dip  of  the  needle 
changes  from  +  90^  (north  end  down)  to  ~  50^  (south  end  down)  in  the  distance  of  10 
paces.  There  is  undoubtedly  a  large  amount  of  iron  ore  in  the  hill,  but  it  is  probable 
that  the  rich  ore  is  too  irregularly  distributed  through  the  rocks  to  permit  of  its  being 
economically  mined ,  even  if  other  circumstances  were  favorable . 

Chauvenet'  spoke  of  the  deposit  in  1886  as  a  vein  of  black  magnet- 
ite, and  gave  an  analysis  of  the  ore  which  is  cited  below.  In  1890 
he  made  the  following  mention  ^  of  the  occurrence: 

Beginning  with  Boulder  Goimty,  we  have  the  vein  in  Archean  rock  already  men- 
tioned, which  is  found  on  Caribou  Hill,  close  to  many  rich  silver  veins,  though  not 
itself  forming  part  of  the  system  of  veins  which  carry  the  precious  metals.  This 
vein  powerfully  affects  the  compass  in  its  vicinity  and  is  called  a  deposit  of  magnetite, 
though,  as  far  as  analysis  is  concerned,  it  might  be  named  ilmenite,  since  it  contains 
the  unusual  amoimt  of  36  per  cent  of  titanic  acid.  Its  percentage  of  iron  is  from  36 
to  38.    The  ore  is  compact,  jet  black,  and,  of  course,  worthless  as  iron  ore. 

Kemp'  also  refers  to  the  deposit  briefly,  saying  that  beyond 
establishing  the  character  of  the  ore  little  has  been  accomplished  and 
no  determinations  of  the  wall  rock  have  been  recorded. 

A  detailed  account  of  the  deposit  has  recently  been  published  by 
Jennings.' 

GSNBBAL  FIELD  BBLATIONS. 

The  deposit  Ues  in  the  northeastern  comer  of  the  Central  City 
quadrangle,  which  has  recently  been  mapped  by  E.  S.  Bastin  and 
J.  M.  Hill,  of  the  United  States  Geological  Survey.  A  detailed 
description  of  the  geology  and  the  ore  deposits  of  this  district  is  now 
in  the  course  of  preparation  by  the  Survey  and  only  a  brief  sketch  of 
the  geology  is  given  here. 

The  district  is  within  the  belt  of  pr&-Cambrian  granites  and  gneisses 
forming  the  Front  Range.  These  rocks  have  been  intruded  by 
numerous  dikes  ranging  in  composition  from  acidic  to  extremely 
basic.  On  Caribou  Hill  are  several  intrusions  of  basic  material,  and 
it  is  within  these  that  the  ore  occurs.  The  most  important  one  is 
the  dike  on  the  northeast  slope  of  the  hill,  which  can  be  traced  for 
over  1,500  feet.    It  begins  at  a  point  500  yards  west  of  Caribou  and 

•  CbauToiet,  Regis,  Notes  on  from  prospeofls  in  Dortbeni  Colondo:  Bieo.  Rept.  of  the  Oolo.  State  Bth, 
0flItaes,188^p.lS. 

•  Ghaovenet,  Regis,  the  iron  ifoaioss  of  Colenulo:  Tnas.  Am.  iMt.  Min.  Eng.,  toI.  18, 18B0,  p.  367. 

•  Kemp,  J.  F.,  A  brief  reriew  of  the  titaiilferaiis  magnetttee:  8dL  of  MineB  Quart,  18M,  p.  8S6. 
'Jennings,  E.  P.,  A  titanlteoiis  Imn-ora  deposit  In  BooMcr  Omiatj,  Colo.:  BnlL  Am.  Inst  Min.  Eng., 

October,  1912,  pp.  1046-1069. 
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runs  up  the  hill  slope  in  a  southeasterly  direction  for  about  400  feet, 
where  it  bends  sharply  to  the  east  and  continues  for  about  1,000  feet 
to  the  edge  of  Caribou.  A  second  intrusion,  having  more  of  a  stock 
shape,  occurs  on  the  southeast  slope  of  the  hill,  half  a  mile  southwest 
of  Caribou.  A  third  smaller  outcrop  occurs  near  the  top  of  the  hill 
about  100  yards  southeast  of  the  summit.  These  rocks  show  con- 
siderable local  variations,  but  are  essentially  pyroxenitic  in  char- 
acter. Associated  with  the  pyroxene  in  places  is  feldspar  and  biotite. 
The  texture  ranges  from  that  of  a  coarse  pyroxenite  to  a  very  fine- 
grained rock. 

THB  OBE  DBPOSIT8. 

Some  magnetite  occurs  as  an  accessory  constituent  of  the  basic 
rocks,  and  this  becomes  segregated  into  richer  pockets,  forming  a 
medium-grade  ore.  But  even  in  the  ore-bearing  parts  of  the  rock 
the  composition  is  not  uniform.  It  is  rather  a  rock  rich  in  magnetite 
with  numerous  stringers  and  veinlets  of  almost  pure  magnetite.  The 
magnetite  is  highly  magnetic  and  much  of  it  is  natural  lodestone. 
These  stringers  of  pure  ore  never  exceed  6  inches  in  thickness  and 
seldom  measure  more  than  an  inch  or  two.  They  may  form  such  a 
network  within  the  leaner  rock  as  to  constitute  a  medium-grade  ore. 
Such  ore  bodies  do  not  reach  a  width  of  more  than  a  foot  or  two  or  a 
length  of  more  than  a  few  feet.  The  ore  in  the  pits  and  trenches 
that  have  been  made  along  the  western  end  of  the  dike  northwest  of 
Caribou  consists  of  a  series  of  closely  crowded  lenses  of  that  character. 
The  dike  has  a  width  of  50  to  100  feet  or  over,  but  only  a  small  part 
consists  of  ore  of  even  this  grade.  The  ore  in  the  other  two  occur- 
rences is  still  leaner  and  there  is  still  less  of  it.  Thin  sections  of  the 
ore  show  that  it  consists  essentially  of  the  ore  minerals  and  pyroxene, 
the  latter  ranging  in  composition  from  diopside  to  augite.  The 
pyroxene  is  frequently  altered  to  serpentine,  and  in  part  to  horn- 
blende. Some  biotite  is  also  usually  present.  Inclusions  of  dark- 
green  spinel  in  the  magnetite  are  common. 

The  following  analyses  of  the  ore  have  been  published.  Analyses 
1  and  2  are  taken  from  the  Tenth  Census  Report  and  analysis  3  from 
Chauvenet.  Analysis  4  is  calculated  from  the  more  detailed  analysis 
by  Jennings,  which  is  also  given  in  full. 

RenUtt  o/analyMS  of  Caribou  iron  ore. 
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Minerahgical  oompaMon  of  tnediutnrgrade  ore  from  ncrthtceit  dike. 

[Analyst,  E.  F.  Jennings.] 
•  Per  cent. 

Ilmenite 8. 50 

Magnetite 67. 25 

Apatite 18 

Spinel 6.70 

Diopeide 16. 89 

H^atl05<» 61 

METALLOGBAFHIC  DBSCBIPTIOlf  OF  OBB. 

A  metallographic  study  of  the  ore  shows  little  of  interest.  The 
richer  veinlets  consist  of  medium-grained  aggregates  of  magnetite 
and  ihnenite  with  a  little  gangue.  The  ilmenite  is  far  less  abundant 
than  the  magnetite  and  occurs  in  smaller  grains^  in  many  places  as 
small  particles  filling  interstices  between  the  magnetite  and  the 
gangue  grains.  The  leaner  ore,  which  grades  over  into  the  country 
rock,  contains  scattered  grains  of  magnetite  and  ilmenite,  with  the 
femic  minerals  in  excess. 

Intergrowths  of  ilmenite  in  the  magnetite  are  not  abundant.  Most 
frequently  they  consist  of  dots  and  small  particles  scattered  irregu- 
larly through  the  magnetite.  R^ular  intergrowths  of  tabular  ilmen- 
ite in  the  magnetite  are  not  numerous.  Altogether,  the  quantity  of 
ilmenite  seen  in  polished  surfaces  would  not  lead  one  to  expect  the 
high  titanium  content  given  by  Chauvenet  in  his  analysis,  a  conclu- 
sion that  is  corroborated  by  the  analysis  by  Jennings  presented  above. 

POSSIBILmBS  OF  UnLIZING  OBB. 

Titaniferous  magnetite  occurs  in  small  pyroxenitic  intrusions  on 
Caribou  Hill.  The  best  of  the  ore  is  only  medium  grade  and  the  ore 
lenses  are  very  small.  On  account  of  its  small  size  the  deposit  can 
never  have  any  economic  value. 

IRON  MOUNTAIN. 

Iron  Mountain  is  situated  in  the  southern  part  of  Fremont  County , 
about  12  miles  southwest  of  Cafion  City,  and  15  miles  north  of  Silver 
Cliff.  It  lies  on  a  branch  of  Pine  Creek,  which  is  itself  tributary  to 
Grape  Creek,  and  the  locality  is  often  referred  to  as  Orape  Creek. 
More  exactly,  it  is  3}  miles  ^ast  of  the  western  edge  and  1  mile  north 
of  the  38^  20'  line  of  the  Cafion  City  topographic  sheet. 

Though  the  deposit  has  been  visited  several  times,  there  is  little 
information  to  be  had  in  regard  to  it.  This  is  doubtless  the  deposit 
referred  to  by  F.  M.  Endlich  ia  1873.*  He  says:  "A  short  distance 
up  Grape  Creek  Cafion  a  deposit  of  magnetic  iron  ore  occurs,  which 

m  Hayden,  F.  V.,  Beyenth  Annual  Beport  of  the  United  States  Geological  and  Qeographic  Survey  of  tlin 
Terzltortes,  U73,  p.  888. 
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is  being  worked  at  present."  This  was  probably  about  the  beginning 
of  mining  operations  here,  as  Putnam*  states  that  a  United  States 
patent  for  the  land  was  obtained  in  1872.  During  this  period  the 
ore  was  hauled  by  wagon  to  Canon  City  by  freighters  on  their  return 
trips  to  that  point.  Shortly  before  1880  a  branch  line  of  the  Denver 
&  Rio  Grande  Railroad  was  built  up  Grape  Creek  from  Cafion  City 
to  Silver  Qiff.  This  passed  within  4}  miles  of  the  deposit,  and  pre- 
liminary surveys  were  made  for  a  branch  line  up  Pine  Creek  to  the 
deposit,  but  the  line  was  never  built;  and  in  1888,  after  a  series  of 
washouts,  the  Silver  Cliff  line  was  abandoned.  The  deposit  was 
worked  at  several  points,  but  none  of  the  pits  are  large,  the  average 
being  about  50  feet  long,  10  to  15  feet  wide,  and  10  to  15  feet  deep. 
Consequently  the  total  amount  of  ore  mined  was  not  great. 

The  most  complete  account  of  the  deposit  is  given  by  Putnam,^ 
and  in  his  report  a  number  of  analyses  of  the  ore  are  included. 

In  1885  Chauvenet,^  referring  to  these  ores,  says: 

The  ore  is  a  magnetite,  not  very  siliceous,  but  containing  from  10  to  15  per  cent  of 
titanic  acid.  Its  use,  even  in  relatively  small  quantity,  was  found  extremely  trou- 
blesome, and  was  limited  to  such  a  proportion  that  the  entire  mixture  of  ores  charged 
should  contain  but  1  per  cent  of  the  impurity.  Even  at  this  low  figure  the  working 
of  the  furnace  was  retarded.  This  ore  yielded  45  per  cent  of  iron  and  sometimes  more, 
but  the  workings  have  been  practically  abandoned. 

Again,  in  1890,  he  says:^ 

In  Fremont  County  is  the  mine  known  as  the  Grape  Creek.  The  ore  is  titaniferous, 
showing  a  very  steady  average  of  about  14  per  cent  of  titanic  acid.  Its  iron  runs  about 
48  per  cent.  It  is  no  longer  used  in  the  blast  furnace,  but  is  useful  as  "fix"  in  the 
puddling  mill.  The  deposit  is  a  large  one,  and  it  is  a  pity  that  its  character  prevents 
its  more  extensive  use. 

Kemp's  account*  is  based  chiefly  on  Putnam's,  but  in  additpn 
he  determined  a  specimen  of  ^ay  granitoid  rock  in  a  collection  of 
the  titaniferous  ores  at  Columbia  University  to  be  olivine  gabbro. 
This  is  the  first  and  only  information  we  have  as  to  the  character  of 
the  rock  associated  with  the  ore. 

OENEBAIi  FIELD  BELATIONS. 

The  prevailing  rocks  of  the  region  are  granites  and  gneisses.  These 
have  been  cut  by  numerous  dikes,  prominent  among  which  are  pyrox- 
enite.  Besides  the  dikes,  they  have  also  been  intruded  by  a  large 
mass  of  gabbro.  The  greater  part  of  tliis  mass  forms  a  high  hill 
north  of  the  ore  deposits,  which  is  known  as  Iron  Mountain. 

a  Putnam,  B.  T.,  Tenth  Census,  vol.  16, 1886,  p.  472. 
kOp.  dt.,pp.  27a-27«. 

eChanvenet,  Regis,  Pr^minary  notes  on  the  iron  resources  of  Colorado:  Ann.  Rept.  of  the  Colo.  Stata 
Scb.  of  Mines,  1886,  p.  10. 
'ChaoTenet,  Regis,  The  iron  resources  of  Colorado:  Trans.  Am.  Inst  Hin.  £ng.,  voL  18,  1890,  p.  270. 
«  Kemp,  J.  F.,  A  brief  review  of  the  titaniferous  magnetites:  8ch.  of  Mines  Quart.,  1899,  pp.  33S-i334. 
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The  gabbro  continues  southward  across  a  low  flat  spur  of  Iron 
Mountain  and  two  small  hills  separated  by  dry  arroyas.  It  is  on 
this  spur  and  the  two  hills  that  the  ore  deposits  occur.  The  ore- 
bearing  part  of  the  gabbro  takes  on  a  more  feldspathic  character  than 
that  composing  Iron  Mountain,  and  in  places  grades  over  to  a  true 
anorthosite. 

The  gabbro  is  likewise  cut  by  dikes,  the  most  common  of  which 
are  hornblende  syenite  with  accessory  zircon  and  magnetite.  At  the 
south  end  of  the  spur  of  Iron  Mountain  are  several  dikes  of  a  dioritic 
rock.  This  location  is  marked  A  on  the  map  constituting  figure  3. 
One  of  the  dikes  cuts  through  both  the  gabbro  and  an  ore  segregation 
in  it.  The  groundmass  of  the  rock  is  a  coarse  granular  aggregate 
of  plagioclase  feldspars  of  about  the  composition  of  oligoclase.  Zircon 
occurs  as  an  accessoiy  constituent,  and  in  one  part  of  a  slide  is  a 
swarm  of  minute  isotropic  grains  which  seem  to  be  spinels.  Green 
pyroxene  and  amphibole  are  prominent  constituents  of  the  rock.  The 
ciystals  of  these  minerals  are  usually  larger  than  those  of  the  feldspar, 
and  some  of  the  hornblende  prisms  attain  a  length  of  3  cm.  and  a 
diameter  of  0.5  cm. 

As  stated  above  the  gabbro  varies  in  character  from  a  typical 
olivine  gabbro  to  one  in  which  the  ferromagnesian  minerals  become 
accessory  and  which  approaches  a  typical  anorthosite  in  compo- 
sition. The  most  abundant  ferromagnesian  mineral  in  the  gabbro  is 
augite;  less  abundant  but  prominent  is  olivine.  Magnetite,  with 
numerous  inclusions  of  green  spinel,  and  a  little  biotite  and  horn- 
blende are  also  present.  The  anorthositic  phases  contain  the  same 
minerals  in  subordinate  amounts.  A  slide  of  this  rock  shows  the 
olivine  surrounded  by  rims  of  hornblende  so  that  it  usually  does  not 
come  in  contact  with  the  feldspar. 

THE   OBB  DBP08ITS. 

The  first  hill  south  of  the  spur  from  Iron  Mountain  affords  the  most 
promising  showing  of  ore,  and  it  is  here  that  most  of  the  openings 
were  made.  This  hill  is  800  feet  long,  500  feet  wide,  and  60  feet  high. 
The  locations  of  the  principal  ore  bodies  in  it  were  determined  by 
Putnam  by  means  of  a  magnetic  survey,  and  are  shown  in  figure  3, 
reproduced  from  his  map.  These  ore  bodies  are  exposed  at  several 
points  both  in  natural  exposures  and  in  the  old  ore  pits,  and  the  rela- 
tions of  the  ore  to  the  wall  rock  are  well  shown. 

The  distinction  between  what  is  ore  and  what  is  wall  rock  can  gen- 
erally be  sharply  drawn.  The  wall  rock  may  be  anorthosite  or  it 
may  be  a  gabbro  rich  in  ore  minerals;  the  ore  may  be  a  rich  magnetic 
ore  with  little  gangue,  or  it  may  be  a  lean  ore  carrying  large  percentages 
of  the  common  constituents  of  the  adjacent  wall  rock.  But  no  matter 
how  closely  the  two  may  approach  each  other  in  composition,  there 
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hardly  ever  exists  what  one  would  call  a  gradual  transition.  The 
change  from  wall  rock  to  ore  is  so  rapid  that  one  has  no  difficulty  in 
fixing  a  contact. 


FnnxK  3.— Kap  of  Iron  llDiintaIn,  Colo.    [Pnun 


Census  rsport-I 


The  width  of  the  ore  bodies  ranges  from  about  10  to  50  feet,  and 
does  not  average  more  than  25  feet.  Their  length  can  not  be  deter- 
mined on  account  of  lack  of  exposure.    Whether  those  indicated  on 
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Putnam's  map  (fig.  3)  are  continuous  or  represent  zones  of  ore  lenses 
is  an  open  question.     The  latter  supposition  is  the  more  probable. 

The  ore  itself  is  rather  uniform  in  composition  and  appearance.  It 
is  a  compact  aggregate  of  magnetite  and  ilmenite,  on  fresh  fractures 
of  which  the  ilmenite  can  be  recognized  by  its  higher  luster.  The 
gangue  minerals  are  the  constituent  minerals  of  the  gabbro.  In 
some  specimens  the  gangue  is  very  prominent;  in  general,  however, 
the  ore  is  of  good  grade.  The  most  characteristic  mineral  of  the 
gangue  is  the  feldspar.  It  has  a  tabular  habit,  and  tends  to  a  sub- 
parallel  arrangement,  which  gives  to  the  ore  a  striking  diabasic 
appearance.  The  similarity  of  this  ore  to  some  of  the  Minnesota  ore 
has  already  been  mentioned.  Plate  VIII,  C,  shows  a  specimen  of  the 
ore  in  which  the  white  feldspar  crystals  are  plainly  visible  against  the 
dark  background  of  the  ore  minerals.  A  thin  section  of  the  ore  con- 
sisted of  nearly  three-fourths  magnetite  in  which  are  abundant  inclu- 
sions of  dark-green  spinel.  The  most  prominent  gangue  minerals  were 
the  lath-shaped  feldspars.  Olivine  was  less  abundant  and  biotite  only 
sparingly  present.  Along  the  boundary  of  the  feldspar  and  olivine 
against  the  magnetite  is  a  narrow  rim  of  a  yellowish-brown  mineral 
which  seems  to  be  hornblende. 

Several  analyses  of  the  ore  have  been  made  and  they  show  a  very 
uniform  composition.     The  analyses  are  tabulated  below: 

Results  of  analyses  of  Iron  Mountain  ores: 
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Analyses  1  to  7  are  takei^  from  Putnam^s  report,  analyses  1  to  5 
representing  samples  taken  from  the  ore  bodies  indicated  on  figure 
3  by  the  numbers  2,  3,  6,  3,  4,  respectively.  The  sources  of  samples 
represented  by  analyses  6  and  7  are  not  given.  The  samples  repre- 
sented by  analyses  8  and  9  were  collected  by  M.  Chaper,  and  the 
analyses  made  at  the  School  of  Mines,  Paris.  M.  Chaper,  of  the 
Geological  Society  of  France,  visited  the  deposit  in  1875,  and  extracts 
of  his  report  together  with  the  analyses  were  published  in  1877-78. 
The  analyses  as  here  presented  are  taken  from  I^utnam^s  report,  in 
which  they  are  cited.  The  sample  represented  by  analysis  8  is 
described  as  a  "compact  titaniferous  magnetite  with  feldspathic 
gangue";  the  sample  represented  by  analysis  9  is  described  as  **an 
oxidized  iron  sand,  forming  the  bed  of  Iron  Creek  for  several  miles 
above  Iron  Mountian.  A  portion  of  the  iron  exists  in  the  state  of 
protoxide,  which  is  all  converted  into  peroxide,  whereby  the  increase 
in  weight  results."  Analysis  10  was  made  in  1871  by  Charles  S. 
Hinchman  and  was  quoted  by  Putnam.  Analysis  11  was  calculated 
from  analyses  of  concentrates  and  tailings  made  by  A.  C.  Fieldner, 
of  the  Bureau  of  Mines. 

The  average  composition  of  the  ore  is  shown  to  be  47.86  per  cent 
Fe,  12.95  per  cent  TiOa,  and  the  phosphorus  content  considerably 
below  the  Bessemer  limit.  The  titanium  content  is  about  the  average 
for  titaniferous  magnetite. 

METALLOGBAPHIC  DESCBIPTION  OF  OKE. 

All  the  polished  sections  of  the  ores  that  were  studied  are  much 
alike.  On  all  of  these  the  gangue  constitutes  less  than  one-fourth 
of  the  surface  and  averages  about  one-eighth.  Ilmenite  grains 
seldom  exceed  10  per  cent  of  the  surface,  and  the  average  is  below 
10  per  cent.  Manifestly,  the  magnetite  must  contain  a  considerable 
part  of  the  titanium. 

A  conspicuous  feature  of  the  magnetite  is  the  almost  complete 
absence  of  the  large  intersecting  lamellae  of  ilmenite.  The  most 
common  ilmenite  intergrowths  are  dots,  which  occur  in  great  numbers. 
Though  every  intermediate  size  occurs,  they  tend  to  be  of  two  orders 
of  magnitude.  The  most  abundant  are  extremely  minute  dots, 
examples  of  which  have  already  been  shown  in  the  case  of  other 
deposits.  {See  PI.  XII,  S,  and  PI.  XIII.)  The  larger  series  have  a 
diameter  which  may  be  expressed  in  hundredths  of  a  millimeter,  and 
in  places  become  as  great  as  0.1  mm.  Both  sizes  of  dots  may  be, 
and  usually  are,  present  in  the  same  specimen.  PI.  XIV,  A^  shows 
the  large  dots  both  irregularly  distributed  and  in  linear  arrangement. 

On  some  surfaces  are  seen  extremely  delicate  networks  of  closely 
spaced  short  lamellae  in  the  midst  of  which  are  dots  of  the  larger 
size.     The  effect  is  that  of  a  minute  network  upon  which  the  dots 
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have  been  superimposed.  This  is  iUustrated  in  Plate  'XIV,  B. 
Such  a  network  in  many  places  grades  over  into  a  more  minute 
network  until  finally  the  intersecting  structure  can  no  longer  be 
recognized  even  under  high  power.  The  transition  is  gradual  enough 
to  make  certain  that  the  disappearance  is  not  due  to  the  discontinue 
ance  of  the  network,  but  to  the  fact  that  it  becomes  so  delicate  as 
not  to  be  discernible. 

Another  method  of  intergrowths  is  the  occurrence  of  well-formed 
laths  of  ilmenite.  These  range  from  1  to  2  mm.  in  length  and  may 
have  a  width  of  as  much  as  0.2  mm.,  though  usually  much  less. 
This  feature  is  shown  only  in  a  few  places.  It  reminds  one  of  the 
intergrowths  of  the  North  Carolina  ore  shown  in  Plate  VII,  A.  In 
this  case,  however,  the  laths  are  smaller  and  much  more  regularly 
formed. 

POSSIBILITIES  OF  TJTILIZINa  OBB. 

The  structure  of  the  ore  revealed  on  poUshed  surfaces  is  such  as 
to  make  impossible  the  elimination  of  any  considerable  percentage 
of  the  titanitun  by  means  of  magnetic  concentration.  Not  more 
than  one-third  of  the  titanium  occurs  in  grains  large  enough  to  be 
isolated  when  crushed  to  100-mesh.  The  following  results  of  a  test 
on  a  specimen  of  the  ore  are  even  more  disappointing  than  one  would 
have  expected : 

Restdts  of  magnetic  separation  of  Iron  Mountain  ore. 


Quantity. 

Fe 

TiOi 


Ore. 


Percent. 


51.96 
14.5 


Ore    that 
through    50-100 
mesh  screen.a 


Mag- 
netic. 


PereerU. 
86 

56.03 
13.5 


Nonmag- 
netic. 


PereenL 
14 

21.42 
20.97 


Ore  that 
passed 

through 

screen 

finer. 

than  100- 

mesh.b 


Mag- 
netic. 


Percent. 
80.4 
57.77 
13.1 


a  46  per  cent. 


6  54  per  cent. 


Here  as  in  other  cases  the  separation  is  little  better  in  the  more 
finely  crushed  ore,  owing  to  the  fact  that  the  ilmenite  grains  are  nearly 
all  larger  than  a  50-mesh  opening  and  the  intergrowths  in  the  ma*?- 
netite  are  nearly  all  smaller  than  a  100-mesh  opening. 

The  ores  have  about  the  average  composition  of  titaniferous  mag- 
netites, but  the  titanium  is  intergrown  with  the  magnetite  in  such  a 
manner  as  to  make  possible  only  a  very  incomplete  separation  of  the 
two.  Hence  their  utilization  depends  entirely  upon  the  possibility 
of  using  ores  containing  14  per  cent  TiO,.     But  even  in  such  an  event 
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the  deposit  is  not  very  promising.  The  individual  ore  bodies  are  not 
large  and  the  total  tonnage  not  great;  also,  the  expense  of  securing 
proper  transporation  facilities  would  be  heavy.  Consequently  this 
occurrence  can  not  be  looked  upon  as  an  important  ore  reserve. 

CEBOLIiA  CREEK. 

The  CeboUa  district  is  located  on  the  east  side  of  Cebolla  Creek, 
south  of  Powderhom,  in  the  southern  part  of  Gunnison  County.  It 
lies  about  9  miles  east  of  the  Lake  City  branch  of  the  Denver  &  Rio 
Grande  Railroad,  but  is  best  reached  by  a  stage  line  from  lola,  on  the 
Denver  &  Rio  Grande  narrow-gage  line  which  lies  15  miles  to  tho 
north. 

The  occurrence  of  titaniferous  magnetite  in  this  region  has  been 
known  for  some  years,  but  no  description  of  the  deposit  has  ever  beea 
published. 

J.  K.  Hallowell  *  visited  the  deposit  in  1883,  and  said  of  it: 

The  Cebolla  iron  deposit  is  a  peculiar  formation  unto  itself.  I  was  asked  regarding 
its  geology.  I  had  to  weaken;  I  never  saw  anything  like  it  or  read  of  anything  similar. 
There  is  iron  enough,  over  a  mile  square  of  it,  apparently  overlaid  by  trachyte  at  one 
time.  The  country  rock  is  granite.  The  ore  is  heavy  black  magnetite,  of  fair  grade 
of  iron,  but  carrying,  as  I  was  afterwards  informed,  •  ♦  ♦  too  much  titanium  to 
be  practically  available  in  iron  manufacture. 

Chauvenet*  in  a  report  on  the  iron  resources  of  Gunnison  County 
in  1887  makes  the  following  mention  of  it: 

We  come  next  to  a  region  known  as  the  ''Cebolla''  district,  situated  near  White 
Earth  Creek  (usually  called  Cebolla  Creek)  and  at  an  average  distance  of  about  26 
miles  from  Gunnison  City.  This  district  lies  very  close  to  a  proposed  extension  of 
the  Denver  &  Rio  Grande  Railroad  to  Lake  City,  Hinsdale  County. 

An  immense  ledge  of  titaniferous  iron  ore  exists  here,  but  little  need  be  said  of  it. 
Samples  taken  from  it  vary  greatly  in  their  percentage  of  this  objectionable  material, 
the  lowest  I  have  ever  analyzed  yielding  9.38  per  cent  and  the  highest  36  per  cent. 
This  last  was  rather  to  be  claased  as  "ilmenite"  than  as  iron  ore.  This  deposit  is 
enormous  in  extent  and  is  well  worth  exploitation  with  a  view  to  ascertaining  whether 
in  parts  or  at  depth  it  will  not  yield  a  product  lower  in  titanium  than  any  yet  dis- 
covered.   At  present  it  must  be  condemned  as  unfit  for  smelting,  at  least  by  itself. 

Two  years  later  Chauvenet  again  refers  to  the  deposit  as  follows:® 

Next,  as  a  curiosity,  not  as  a  commercially  valuable  mine,  I  would  name  the 
Cebolla  Creek  titanium  deposit.  No  one  knows  how  the  ore  will  hold  out  here,  but 
as  it  can  be  developed  in  many  places  for  some  miles  it  will  last,  in  all  likelihood,  far 
longer  than  there  is  any  use  for  it.  It  contains  from  9  to  36  per  cent  of  titanic  acid. 
We  have  all  read  in  our  textbooks  on  chemistry  that  titanium  is  a  "rare"  metal.  I 
do  oot  think  I  risk  much  in  saying  that  this  is  an  inexhaustible  stock  of  it. 

•  HalloweU,  J.  K.,  Gunnison,  Colorado's  Bonanza  Comity:  Colo.  Hus.  App.  Oeol.,  1883,  p.  106. 
^Chaavenet,  Refis,  Iron  reaources  of  Gunnison  County:  Ann.  Rept.  State  Sch.  of  Mines  of  Colo.,  1887^ 
p.  18. 
cGhaQTeDet,  Regis,  The  iron  resources  of  Colorado:  Trans.  Am.  Inst  Min.  Eng.,  vol.  18, 1890,  p.  272. 
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In  1896,  Arthur  Ijakes  **  described  deposits  of  nontitaniferous  iron 
ore  which  occur  in  the  immediate  vicinity  of  the  titaniferous  iron, 
but  made  only  a  brief  reference  to  the  latter.  He  examined  the  small 
opening  close  to  the  road,  directly  opposite  the  CeboUa  Hot  Springs, 
and  described  the  ore  as  **gray  massive  iron''  which  is  ^* mingled  with 
.  streaks  of  brown  mica  and  a  green,  somewhat  asbestiferous-looking 
mineral,  which  may  be  hornblende  or  p3Toxene/' 

Kemp  *  refers  to  the  deposit  and  comments  on  the  lack  of  infor- 
mation in  regard  to  the  ore  or  wall  rock. 

In  the  summer  of  1905  or  1906  the  district  was  visited  by  Van 
Hise  and  Leith,*^  and  is  classed  by  them  genetically  with  the  Iron 
Springs  district  of  Utah;  that  is,  as  a  contact  metamorphic  deposit. 

The  above  information  in  regard  to  this  district,  though  meager, 
was  of  such  a  character  as  to  excite  considerable  interest  from  a 
scientific  point  of  view.  No  titaniferous  magnetites  of  contact  meta- 
morphic origin  are  known  to  the  author.  Krusch  ^  cites  the  absence 
of  titanium  as  one  of  the  characteristics  of  these  ores,  and  Beyschlag, 
Krusch,  and  Vogt*  state  that  experience  up  to  the  present  has 
been  that  these  ores  are  characterized  by  an  almost  complete  absence 
of  titanic  acid,  with  an  occasional  trace. 

Here  was  seemingly  a  highly  titaniferous  contact  metamorphic 
magnetite  deposit,  and  the  author's  examination  of  the  same  showed 
that  such  actually  was  the  case  for  a  part  of  the  deposit.  A  detailed 
account  of  the  geological  features  of  the  deposit  has  recently  been 
published  by  him^  and  the  geological  discussion  in  this  report  is 
restricted  to  a  summary  of  that  account. 

GENSBAXi  FIELD  RELATIONS. 

The  CeboUa  district  lies  within  a  region  of  pre-Cambrian  rocks 
consisting  mostly  of  granites  and  gneisses.  In  the  midst  of  these 
rocks  is  an  area  of  basic  igneous  rocks,  limestone,  and  rhyolitic  lavas. 
It  is  in  association  with  the  basic  igneous  rocks  and  the  limestone 
that  the  titaniferous  iron  ores  occur.  The  basic  rock  contains  numer- 
ous small  segregations  of  ore.  It  has  intruded  a  part  of  the  lime- 
stone in  a  most  intricate  manner,  producing  products  of  contact 
metamorphism  and  the  deposition  of  contact  metamorphic  iron  ores. 

o  Lakes,  Arthur,  Iron  and  manganese;  The  great  Cebolla  River  deposits:  Coll.  Eng.  and  Metal  Miner, 
1898,  pp.  267-268. 

*  Kemp,  J.  F.,  A  brief  review  of  the  titaniferous  magnetites:  Sch.  of  Mines  Quart.,  1899,  p.  335. 

e  Leith,  C.  K.,  and  Harder,  E.  C,  The  Iron  ores  of  the  Iron  Springs  district,  southern  Utah:  U.  8.  Geol. 
Survey  Bull.  338,  1908,  pp.  02,  03. 
<l  Krusch,  P.,  Die  Untcrsuchujig  und  Bewertung  von  Erslagerst&tten,  1907,  p.  179. 

*  Beyschlag,  Krusch,  Vogt,  Die  LagerstAttcn  dor  nutzbarcn  Mineralien  und  Gesteine,  vol.  1, 1909,  p.  .351. 
/  Singewald,  J.  T.,  jr.,  The  iron-ore  depositA  of  the  Cebolla  district,  Gunnison  County,  Colo.:  Eton.  Ged., 

1912,  pp.  560-573. 
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QBE  DEPOSITS. 
MAGMATIC   SEGREGATIONS. 

The  basic  igneous  rock  has  undergone  considerable  differentia- 
tion, and  shows  rapid  variation  from  place  to  place,  especially  in 
the  ore-bearing  area.  To  the  north  of  the  ore-bearing  area  it  con- 
sists of  a  dark,  greenish,  fine-grained  rock,  in  which  locally  consider- 
able chalcopyrite  is  disseminated.  The  leaching  of  this  has  given 
rise  to  green,  copper  stain  in  crevices  of  the  rock,  and  at  one  such  point 
some  prospecting  has  been  done.  Within  the  ore-bearing  area  the 
rock  is  somewhat  coarser  grained,  and  especially  in  association  with 
the  ores  becomes  very  coarse  grained.  In  general  the  coarse-grained 
varieties  are  feldspar  poor  or  free,  though  typical  feldspar-rich  gabbro 
does  occur.  Most  of  these  coarse  varieties  consist  of  coarsely  crystal- 
line aggregates  of  pyroxene,  biotite,  and  ore  in  all  possible  ratios. 

The  richer  ores  consist  of  aggregates  of  titaniferous  magnetite  and 
bunches  of  dark-brown  mica  which  reach  several  centime tera  in  diam- 
eter. In  such  specimens  pyroxenes  are  not  abundant.  They  grade 
over,  however,  into  leaner  ores  in  which  the  pyroxenes  are  more 
abundant,  until  a  rock  results  that  consists  almost  entirely  of  pyrox- 
ene. The  ores  are  not  entirely  confined  to  these  coarse  rocks,  but 
also  occur  as  veinlets  and  stringers  In  the  adjacent  fine-grained  rocks. 
These  ores  were  prospected  and  worked  to  a  slight  extent  about  30 
years  ago  by  a  Mr.  Crooks,  of  Lake  City,  who  hauled  some  to  the 
smelter  located  there  at  that  time.  Their  titaniferous  character  was 
soon  discovered  and  further  shipments  were  refused  by  the  smelter. 
The  most  extensive  openings  were  made  in  a  draw  1  mile  northeast 
of  the  Hot  Springs.  Another  opening  50  feet  long,  was  made  just 
above  the  main  road  in  the  valley  due  east  of  the  Hot  Springs.  Be- 
sides these,  numerous  smaller  openings  have  been  made,  especially 
where  the  intrusions  in  the  limestone  occur.  The  ores  throughout  the 
area  show  the  same  features,  both  as  to  their  mineralogical  associa- 
tions and  their  geological  occurrence.  There  is  no  evidence  of  the 
occurrence  of  any  large  ore  bodies,  but  rather  of  a  large  number  of 
very  small  ore  segregations.  No  analyses  of  the  ores  were  made,  but 
the  metallographic  study  of  the  ores  corroborates  the  high  percent- 
ages of  titanium  given  by  Chauvenet.  In  almost  all  specimens  exam- 
ined the  ilmenite  was  far  in  excess  of  the  magnetite. 

The  composition  of  the  ores,  their  mineralogical  association,  and 
their  manner  of  occurrence  establish  beyond  doubt  their  genetic 
position.  They  are  magmatic  segregations  of  titaniferous  magnet- 
ites in  a  basic  igneous  rock. 
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CONTACT  METAMOBPHIO  OBES. 

Fetrographically  the  area  within  which  the  limestone  has  been 
intruded  by  the  basic  rock  affords  a  complete  gradation  from  the 
basic  igneous  rock  to  a  pure-white,  coarsely  granular  marble.  In 
some  places  the  igneous  rock  has  resorbed  some  of  the  limestone,  so 
that  calcite  occurs  in  it  as  a  primary  constituent.  At  other  places 
occurs  limestone  in  which  large  mica  flakes  are  abundantly  dissemi- 
nated. Elsewhere,  typical  products  of  contact  metamorphism  of 
limestone  have  been  formed.  The  transitions  are  so  rapid  that  one 
can  pass  from  one  extreme  to  the  other  within  a  few  paces.  The  effect 
is  that  of  a  limestone  mass  that  has  been  intricately  intruded  by  the 
igneous.  Sufficient  time  was  not  available  to  determine  whether  the 
intrusion  took  place  in  the  form  of  a  large  number  of  distinct  dikes, 
or  in  the  form  of  irregular  stocks.  The  complex  is  the  least  resistant 
of  the  rocks  of  the  region,,  and  hence  has  not  afforded  many  pro- 
noimced  outcrops. 

The  igneous  rock  is  the  same  as  that  described  above,  and  associ- 
ated with  it  are  small  ore  segregations  of  the  character  described. 

The  most  interesting  feature  of  this  complex  is  the  occurrence  of 
small  deposits  of  contact  metamorphic  ore.  The  product  of  contact 
metamorphism  is  usually  a  Ught-green,  compact  rock.  In  thin  sec- 
tion, this  rock  is  seen  to  be  made  up  of  calcite,  augite,  garnet,  and, 
less  abundantly,  of  zoisite  and  vesuvianite.  The  relative  abundance 
of  these  minerals  varies  greatly  in  different  specimens.  In  many 
places  there  occurs,  as  phenocrysts  as  much  as  5  centimeters  long,  a 
dark  augite  with  purplish  tinge.  Less  abundant  than  this  light- 
green,  dense  rock  is  a  somewhat  coarser  dark  rock  which  contains  a 
larger  percentage  of  yellow  to  brown  garnets  and  deep-colored  augite. 
Within  the  contact  metamorphic  rock  are  numerous  pockets  and 
nests  of  magnetite.  These  pockets  of  ore,  though  small,  contain 
very  little  gangue.  They  are  usually  separated  from  the  surrounding 
light-green  rock  by  a  narrow  zone  of  the  darker  coarse-grained  mix- 
ture of  garnet  and  augite.  A  study  of  polished  sections  of  this  ore, 
one  of  which  is  reproduced  in  Plate  II,  F,  showed  that  it  con- 
sists of  both  ilmenite  and  magnetite;  and,  though  seemingly  not  as 
abundant  in  amount  as  in  the  magmatic  segregations,  the  ilmenite 
forms  a  considerable  part  of  the  ore.  From  a  scientific  standpoint, 
this  is  the  most  important  and  striking  feature  of  the  district — the 
occurrence  of  highly  titaniferous  iron  ore  of  contact  metamorphic 
origin. 

BEPLACEMENT   OBES. 

A  third  type  of  ore  in  the  district  is  a  replacement  of  the  limestone, 
which,  as  it  is  not  titaniferous,  is  of  no  particular  interest  in  this 
connection,  though  the  ultimate  source  of  the  iron  was  probably 
the  same  in  all  three,  types. 
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METAIXOGBAPHIC  DBSCBIPTION  OF  THE  ORE. 

Though  the  indiyidual  segregations  are  small,  the  ore  itself  is 
rather  high  grade,  and  polished  sections  contain  little  gangue.  The 
average  percentage  of  gangue  on  a  number  of  polished  surfaces  of 
the  ore  scarcely  exceeds  15  per  cent.  The  ore  grains  average  from 
2  to  5  mm.  In  some  cases  they  reach  as  much  as  10  mm.  and 
few  are  smaller  than  0.5  mm.  The  ratio  of  ilmenite  to  magnetite 
varies  between  wide  limits  in  different  specimens  but  is  uniformly 
great,  indicating  an  ore  high  in  titanium.  No  analyses  were  made 
of  this  ore,  but  Chauvenet  gives  the  range  of  TiOa  between  9  and  36 
per  cent.  In  only  a  few  sections  did  the  magnetite  exceed  the 
ilmenite;  and  in  some  cases  the  ilmenite  made  up  more  than 
three-fourths  of  the  surface.  A  very  common  relation  of  ilmenite 
to  magnetite  is  that  illustrated  in  Plate  II,  E.  The  two  minerals, 
magnetite  and  ilmenite,  are  of  so  nearly  the  same  hardness  that  no 
differences  in  relief  are  brought  out  by  the  ordinary  amount  of 
polishing.  Two  specimens  (PI.  II,  E  and  F)  of  this  ore,  however, 
which  were  polished  longer  than  usual  show  a  slight  difference. 
The  highly  polished  surface  of  the  ilmenite  has  been  cyt  back  a 
little  so  that  the  magnetite  stands  out  in  slight  relief. 

The  inclusions  of  ilmenite  in  the  magnetite  present  several  features 
of  interest.  One  of  the  larger  features  is  the  segregation  of  irregular 
elongated  particles  of  ilmenite  about  the  periphery  of  ilmenite 
grains.  These  particles  are  not  in  direct  contact  with  the  ilmenite^ 
but  ere  separated  from  it  by  a  narrow  zone  of  magnetite  free  from 
ilmenite.  This  is  well  shown  at  the  right  end  of  Plate  II,  E.  The 
effect  is  different  from  that  described  in  the  case  of  the  Adirondack 
ore  and  illustrated  in  Plate  VI,  B.  In  this  case  the  elongated  parti- 
cles of  ilmenite  are  arranged  parallel  to  the  outline  of  the  large 
grains,  whereas  in  the  case  of  the  .Adirondack  ore  they  tend  to 
orient  themselves  at  right  angles  to  them.  Hence  the  broad,  some* 
what  continuous  bands  formed  by  the  coalescing  of  the  ilmenite 
particles  in  the  Adirondack  ore  are  not  found  in  the  Colorado  ore. 

Many  of  the  sections  showed  a  tendency  for  the  ilmenite  to  occur 
as  a  thin  layer  between  the  individual  magnetite  grains,  so  that  their 
outlines  are  marked  by  a  bright  line  of  ilmenite,  as  has  been  illustrated 
in  Plate  IV,  A,  In  places,  instead  of  the  simple  film  of  ilmenite, 
there  is  a  marked  development  of  lamellae  along  the  outline  as  is 
seen  in  Plate  XV,  B,  Very  similar  intergrowths  were  observed  in 
some  of  the  Iron  Mountain,  Wyo.,  ores,  and  are  shown  in  Plate 
XIII,  B. 

A  network  of  large  intersecting  lamellae,  as  in  Plate  XV,  B,  is 
not  very  common,  but  is  in  places  unusually  well  developed,  the 
lamellae  attaining  a  length  of  2  mm.     In  one  section,  characterized 
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by  an  unusually  heavy  network,  the  thickness  of  the  lamellae  was 
0.07  mm.  In  most  cases  the  network  is  poorly  developed;  the 
lamellae  occur  in  only  a  part  of  the  magnetite  crystals,  only  one 
series  being  prominent,  or  they  are  extremely  short  and  faint.  The 
short  lamellse  are  particularly  well  illustrated  in  a  section  of  the 
contact  metamorphic  ore  reproduced  in  Plate  XVI,  A, 

The  most  common  form  of  ilmenite  inclusion  is  as  minute  dots. 
Many  of  the  magnetite  grains  are  swarming  full  of  such  minute 
particles  of  ilmenite.  As  a  rule  they  seem  to  be  distributed  without 
any  regularity,  but  in  places  they  tend  to  have  a  linear  arrangement. 
This  may  even  become  sufficiently  pronounced  to  give  the  effect 
of  a  triangular  network  of  dotted  lines.  In  some  cases  the  dots 
are  slightly  elongated,  and  the  network  made  still  more  striking. 
It  would  seem  therefore  that  the  swarms  of  minute  dots  represent 
the  incipient  stage  in  the  formation  of  the  network  of  intersecting 
ilmenite  lamellae.  The  linear  arrangement  of  the  dots  on  the 
polished  surfaces  represents  the  orientation  of  the  dots  into  planes 
parallel  to  the  octahedral  faces  of  the  crystallizing  magnetite.  The 
elongation  of  the  dots  is  caused  by  the  coalescing  of  several  dots. 
As  this  process  continues  small  lamellae  of  ilmenite  are  formed  in 
intersecting  series  of  parallel  plates. 

< 

POSSIBILITIES  OF  X7TILIZING  OBE. 

The  possibilities  of  these  ores  are  not  very  promising.  Although 
a  considerable  tonnage  of  ore  doubtless  exists,  it  occurs  in  the  form 
of  countless  small  segregations,  so  that  large-scale  operations  are 
impossible.  Magnetic  concentration  to  obtain  a  concentrate  low  in 
titanium  is  not  feasible,  because  ilmenite  forms  more  than  50  per 
.  cent  of  the  ore,  so  that  the  percentage  of  magnetite  concentrate 
obtained  would  be  verv  small.  The  inaccessible  location  of  the 
deposit  is  also  a  serious  drawback. 

RESUME. 

The  evolution  of  the  modern  blast  furnace  has  taken  place  in  such 
A  direction  as  to  make  the  utilization  of  titaniferous  iron  ores  imprac- 
ticable. Notwithstanding  numerous  experiments  that  have  been  con- 
ducted with  a  view  to  discovering  a  furnace  charge  that  will  make 
the  use  of  these  ores  practicable  from  the  standpoint  of  furnace 
operation  and  economy,  there  is  to-day  no  hopeful  feeling  in  regard 
to  the  possibilities  of  smelting  these  ores  in  the  blast  furnace.  On  the 
other  hand,  the  introduction  of  the  electric  furnace  holds  out  a  new 
hope  for  the  direct  reduction  of  the  titaniferous  ores. 

The  results  of  magnetic-separation  experiments  conducted  with 
these  ores  are  very  promising  in  some  cases  and  extremely  disap- 
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pointing  in  others.  No  rule  of  general  application  can  be  formulated 
as  to  the  behavior  of  the  ores.  Some  deposits  are  very  amenable  to 
magnetic  separation,  and  yield  concentrates  that  require  the  admix- 
ture of  only  a  small  proportion  of  nontitaniferous  ores  to  make  a 
satisfactory  ore  mixture.  Other  deposits  are  less  amenable  and  yield 
concentrates  that  would  have  to  be  mixed  with  three  or  four  parts  of 
nontitaniferous  ores  for  furnace  use.  There  are  many  other  deposits 
in  which  the  percentage  of  titanium  separable  in  this  way  is  extremely 
small,  so  that  the  utilization  of  such  ores  seems  to  depend  on  the 
discovery  of  a  process  that  will  make  their  use  feasible. 

The  cause  of  the  difference  in  behavior  of  the  ores  toward  magnetic 
separation  is  revealed  in  their  micros tructure  which  is  readily  studied 
by  the  metallographic  method.  This  method  of  investigation  shows 
that  the  titanium  occurs  in  these  ores  in  the  form  of  ilmenite  grains 
in  about  the  same  order  of  magnitude  as  the  magnetite  grains,  as 
ilmenite  inclusions  and  intergrowths  of  microscopic  size  in  the  mag- 
netite, and  as  an  integral  part  of  the  magnetite  molecule  itself.  The 
titanium  occurring  in  the  first  form  (as  ilmenite  grains)  is  readily 
separable  by  means  of  magnetic  concentration,  except  in  the  finest 
grained  ores  with  which  the  degree  of  crushing  required  would  make 
such  concentration  impracticable.  The  titanium  occurring  in  the  two 
latter  forms  is  inseparable  by  mechanical  means.  The  percentages 
of  titanium  occurring  in  these  different  forms  varies  greatly  in  the 
different  ores,  and,  consequently,  every  case  must  be  tested  for  itself. 
A  metaQographic  study  of  the  ores  of  any  deposit  will  at  once  decide 
the  question  of  the  amenability  of  the  deposit  to  magnetic  separation. 

As  regards  chemical  composition,  except  for  their  titanium  con- 
tent, the  ores  are  very  desirable.  The  coarser-grained  ores  are 
usually  high  gmde  in  their  natural  condition,  whereas  a  magnetic 
separation  of  the  leaner  ores  yields  a  high-grade  concentrate,  with 
the  deleterious  constituents  at  a  minimum. 

As  the  iron  industry  at  present  demands  large  deposits  of  definite 
extent,  the  outlook  for  most  of  the  deposits  of  titaniferous  iron 
ore  in  the  United  States  is  not  promising.  As  a  rule  the  deposits 
are  relatively  small  and  of  irregular  extent  and  distribution.  Further, 
they  are  lean  to  medium  grade,  and  inaccessibly  situated  as  regards 
transportation  facilities.  In  other  words,  to  put  the  deposits  on  a 
producing  basis  would  require  a  heavy  initial  outlay  of  capital,  which 
the  size  and  irregularity  of  occurrence  does  not  warrant.  There  are, 
however,  the  two  large,  high-grade  deposits  of  Sanford  Hill,  N.  Y., 
and  Iron  Mountain,  Wyo.,  which  are  so  readily  workable  that, 
despite  their  titaniferous  character,  their  utilization  within  a  few 
years  seems  certain. 
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PREFACE. 

During  the  past  few  years  the  Bureau  of  Mines,  in  its  study  of 
problems  relating  to  safety  in  coal-mining  operations,  has  been  con- 
sidering the  increased  risks  of  mine  explosions  and  tlie  waste  of 
coal  that  result  from  the  present  system  or  lack  of  system  in  drilling 
oil  and  gas  wells  in  the  coal  fields.  From  time  to  time  requests  have 
been  received  from  mine  inspectors  and  other  State  officials  that 
the  engineers  of  the  bureau  investigate  this  subject  and  recommend 
such  changes  in  common  practice  and  such  changes  in  State  legisla- 
tion as -will  help  remedy  both  the  increasing  hazard  and  the  waste 
of  coal.  Meanwhile,  others  have  been  studying  the  same  problems, 
and  at  a  meeting  held  in  January  at  New  Haven,  Conn.,  the  Associa- 
tion of  State  Geologists  appointed  a  committee  of  its  members  to 
cooperate  with  the  Bureau  of  Mines  in  developing  remedies  for  this 
situation. 

In  this  investigation,  as  in  other  of  its  investigations  of  mining 
conditions,  the  Bureau  of  Mines  has  adopted  the  practice  of  con- 
ferring with  representatives  of  all  parties  at  interest,  wuth  a  view 
to  procuring  information  concerning  all  phases  of  the  subject,  and 
also  with  a  view  to  being  able  to  develop  and  reccmimend  for  gen- 
eral adoption  such  changes  in  practice  as  well  as  in  legislation  as 
might  prove  to  be  effective  by  being  both  reasonable  and  enforceable. 

In  carrying  out  such  a  policy  with  reference  to  the  subject  under 
consideration,  the  Bureau  of  Mines  invited  the  State  geologists,  mine 
inspectors,  and  a  number  of  coal  operators  and  oil  and  gas  well 
drillers  from  the  States  interested  to  meet  representatives  of  the 
Bureau  of  Mines  in  Pittsburgh,  Pa.,  for  a  discussion  of  the  subject 
during  Febniray  7  and  8,  1913.  As  a  result  of  this  conference,  a 
committee  representing  all  the  interests  concerned  was  appointed  to 
consider  all  phases  of  the  question,  and  to  report  its  recommendations 
back  to  an  adjourned  meeting  of  the  conference.  This  adjourned 
meeting  of  the  conference  will  be  held  at  an  early  date  and  its 
report  will  be  printed  in  a  later  edition  of  this  bulletin,  with  such 
additional  suggestions  as  may  be  received  by  the  Bureau  of  Mines. 
The  bureau  will  be  glad,  therefore,  to  receive  at  the  earliest  prac- 
ticable date  any  additional  suggestions  or  any  additional  informa- 
tion throwing  light  on  the  matters  discussed  in  this  bulletin. 
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It  is  clearly  understood  that  the  inspection  and  control  of  all 
such  operations  as  mining  and  well  drilling  lie  within  the  province 
of  the  State.  The  work  and  the  plans  of  the  Federal  Bureau  of 
Mines  are  properly  limited  to  inquiries  and  investigations  and  the 
publication  of  the  results.  Between  State  mine  inspectors,  State 
geologists,  coal  operators,  well  drillers,  etc.,  in  the  different  States, 
the  bureau  acts  in  these  matters  as  a  medium  for  the  exchange  of 
ideas,  with  a  view  to  obtaining  uniform  legislation  and  methods  in 
the  different  States. 

Joseph  A.  Holmes. 


INTRODUCTORY  STATEMENT. 


By  George  S.  Rice. 


The  need  of  protecting  mines  from  the  danger  of  inflow  of  natural 
gas  from  neighboring  wells  has  become  more  apparent  each  year  since 
it  was  found  that  oil  and  gas  underlie  the  productive  coal  measures 
of  Pennsylvania,  West  Virginia,  Ohio,  Indiana,  Illinois,  Kansas, 
Oklahoma,  Colorado,  and  Wyoming,  and,  to  some  extent,  the  coal 
measures  of  other  States.  The  proximity  of  the  known  gas  and  oil 
areas  in  the  United  States  to  the  coal  fields  and  the  manner  in  which 
the  fields  overlap  in  certain  States  are  shown  in  the  map  comprising 
the  frontispiece  (PI.  I). 

As  the  result  of  many  requests  received  from  various  sources  a 
conference  to  consider  the  protective  measures  necessary  to  insure  the 
.safety  of  mining  operations  in  gas  and  oil  fields  was  called  by  the 
Director  of  the  Bureau  of  Mines  to  assemble  in  Pittsburgh,  Pa.,  Feb- 
ruary 7  and  8,  1913.  To  this  conference  were  invited  a  considerable 
number  of  gas-well,  oil-well,  and  coal-mine  operators  within  conven- 
ient distance  from  Pittsburgh,  as  well  as  State  geologists  and  State 
mine  inspectors  from  a  distance. 

Gas  and  oil  wells  are  also  found  near  other  kinds  of  mines,  such  as 
shale  and  limestone  mines  in  western  Pennsylvania,  but  these  cases 
are  so  few  that  for  this  and  other  reasons  it  was  deemed  best  to  con- 
fine the  present  inquiry  to  the  consideration  of  tlie  questions  involved 
in  connection  with  coal  mines. 

It  was  also  not  thought  advisable  to  consider  the  protection  of  mines 
from  other  kinds  of  bore  holes  than  those  for  gas  and  oil,  such  as 
coal-prospecting  holes,  drilled  either  with  churn  or  diamond  drills, 
or  salt  wells  and  artesian  wells,  l>ecause  little  trouble  has  been  ex- 
perienced in  mining  operations  from  these  classes  of  wells.  There- 
fore the  following  papers  and  discussions  concern  almost  entirely 
the  following  relations  between  coal  mines  and  gas  and  oil  wells: 

(1)  Protection  of  coal  mines  from  gas  and  oil  wells  penetrating 
•through:  (a)  Open  workings;  (6)  inaccessible  spaces  or  goaves;  (c) 
pillars,  or  coal  which  may  be  left  as  pillars. 

(2)  The  manner  of  drilling  gas  and  oil  wells  passing  through 
workable  coal  beds  so  as  to  provide  protection  for  future  mining. 

The  preliminary  inquiries  of  the  engineers  of  the  bureau  had  dis- 
closed that  there  was  no  uniformity  in  the  methods  of  protecting 
mines  against  the  leakage  of  gas  from  wells,  that  thousands  of  wells  in 
coal  fields  are  abandoned  yearly  without  adequate  plugging,  and 
without  surveys  or  records  being  kept  to  show  the  location  of  the 
holes,  from  which  the  casings  are  generally  pulled.  According  to 
the  State  geologist  of  Pennsylvania,  as  many  as  3,000  wells  are  being 
drilled  annually  in  Pennsylvania,  2,000  of  these  holes  being  aban- 
doned within  a  single  year.  It  is  such  unplugged,  uncharted  wells 
that  are  the  greatest  menace  in  mining.  The  quantity  of  gas  that 
the  wells  produce,  although  not  sufficient  to  be  commercially  avail- 
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jible,  is  enough,  if  it  were  to  leak  into  a  mine  and  be  ignited,  to  cause 
explosions  or  fires,  with  possible  loss  of  life. 

The  matters  mentioned  .were  fully  considered  in  the  papers  read 
at  the  conference  and  embodied  in  this  report.  The  papers  outline 
the  preliminary  inquiries  and  examinations  of  the  engineers  of  the 
bureau,  and  much  of  the  discussion  thereon  by  the  members  of  the 
conference  is  considered  worthy  of  inclusion. 

In  order  that  definite  action  on  the  protection  proposed  might  be 
possible,  an  outline  of  suggested  legislation  was  formulated  by  the 
engineers  of  the  bureau  and  presented  to  the  conference.  It  is  embod- 
ied in  one  of  the  papers  comprising  this  report.  The  outline  should 
not  in  any  way  be  considered  as  expressing  either  the  conclusion  of 
the  conference  or  even  of  the  engineers  who  presented  it,  but  was  in- 
tended merely  to  suggest  topics  for  systematic  discussion  of  the  prob- 
lems involved. 

As  will  be  seen  from  the  report  of  the  proceedings,  it  was  decided 
that  in  order  to  obtain  further  suggestions  for  legislation  along  prac- 
ticable lines,  with  a  view  to  obtaining  a  maximum  amount  of  protec- 
tion for  the  minimum  amount  of  expense,  further  consideration  of  the 
various  questions  involved  should  be  g:iven.  The  bureau  was  asked  to 
submit  a  full  account  of  the  proceedings  to  those  present  and  also  to 
those  unable  to  attend  the  conference.  This  publication  is  prepared 
in  order  that  the  data  obtained  may  l)e  distributed  among  those  inter- 
ested in  this  subject,  either  for  action  or  for  further  consideration. 

As  will  be  noted  from  the  report  of  the  proceedings,  the  conference 
before  adjournment  planned  the  appointment  of  a  committee  consist- 
ing of  the  officers  or  the  conference  ex  officio  and  three  representa- 
tives from  each  of  the  following  bodies:  Gas- well  operators,  oil-well 
operators,  coal-mine  operators,  State  geologists,  State  mine  inspec- 
tors, and  officials  of  the  Bureau  of  Mines.  Each  of  these  bodies  was 
requested  to  appoint  on  this  committee  representatives  who,  so  far  as 
possible,  would  fully  represent  the  industry  in  all  parts  of  the 
country.  In  the  event  of  failure  to  fill  vacancies,  the  chairman  (Mr. 
W.  E.  Fohl)  was  empowered  to  appoint  persons  to  fill  these  vacancies. 
A  temporary  committee  of  one  member  from  each  body  was  appointed 
to  assist  the  chairman  in  arranging  for  the  general  committee,  which 
is  to  assemble  in  Pittsburgh  on  February  26,  1913.  This  committee 
is  to  give  consideration  to  all  the  proposals  made  at  the  meeting  herein 
reported,  and  to  such  as  may  be  submitted  by  correspondence,  and 
is  to  draft  a  tentative  outline  suitable  for  the  groundwork  of  future 
legislation  in  each  of  the  various  States  concerned. 

The  reader  of  these  proceedings  must  bear  in  mind  the  difficulty  in 
getting  an  exact  report  of  what  was  said  by  each  speaker.  Frequently 
the  discussion  was  of  a  conversational  nature  and  at  times  was  illus- 
trated by  chalk  sketches  on  a  blackboard,  so  that  correct  interpre- 
tation by  the  reporter  and  editor  was  often  impossible,  requiring  the 
omission  of  some  of  the  statements.  Owing  to  the  urgency  of  getting 
out  the  proceedings,  it  was  not  possible  to  submit  the  manuscript  to 
the  respective  speakers.  It  is  expe<;ted  that  reports  of  omissions  of 
an  important  character  and  new  matter  will  be  submitted  to  the  com- 
mittee either  by  those  present  at  the  conference  or  by  others.  There- 
fore anyone  who  may  desire  to  do  so  is  invited  to  contribute  sug- 
gestions bearing  on  the  subject,  which  may  be  sent  to  O.  P.  Hood, 
secretary,  care  Bureau  of  Mines,  Pittsburgh,  Pa. 
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PAPERS  AND  DISCUSSIONS. 


By  George  S.  Rice,  O.  P.  Hood,  and  Others. 


OPENING  OP  CONFERENCE. 

The  sessions  of  the  conference  were  held  in  the  assembly  room  of 
the  Engineers  Society  of  Western  Pennsylvania.  At  the  opening 
session  in  the  morning  of  February  7,  Mr.  Rice,  on  behalf  of  the 
Director  of  the  Bureau  of  Mines,  who  was  unavoidably  detained  in 
Washington,  welcomed  the  members,  briefly  mentioned  the  sugges- 
tions received,  especially  those  from  a  committee  of  the  State  Geolo- 
gists' Association  of  America,  that  were  evidently  the  outcome  of  a 
general  desire  for  more  satisfactory  and  uniform  legislation  con- 
cerning the  drilling  of  wells  and  the  reduction  of  the  risks  from 
min^  explosions  caused  by  the  escape  of  the  gas  into  the  mine 
workings. 

Those  who  registered  at  the  conference  were  as  follows : 

Ining  C.  Allen,  chemist,  Bureau  of  Mines,  Pittsburgh,  Pa. 
C.  W.  Baker,  secretary  and  treasurer,  Greensboro  Gas  Co.,  Pittsburgh,  Pa. 
L.  F.  Barger,  general  sujjerlntendent.  Peoples  Natural  Gas  Co.,  Pittsburgh,  Pa. 
A.  C.  Beeson,  chief  engineer,  Pittsburgh-Buffalo  Coal  Co.,  Pittsburgh,  Pa. 
John  W.  Boileau,  Pittsburgh,  Pa. 

A.  P.  Cameron,  general  superintendent,  Westmoreland  Coal  Co.,  Irwin,  Pa. 

B.  H.  Canon,  United  Coal  Co.,  Pittsburgh,  Pa. 

John  B.  Corrin,  assistant  manager,  Hope  Natural  Gas  Co.,  Pittsburgh.  Pa. 
R  E.  Crocker,  vice  president  and  general  manager.  South  Penn  Oil  Co.,  Pitts- 
burgh, Pa. 

J.  W.  Devison,  superintendent,  federal  Coal  &  Coke  Co.,  Grant  Town,  Pa. 

F.  W.  De  Wolf,  director,  State  geological  survey,  Urbana.  111. 
W.  C,  Edwards,  Parker  &  Edwards  Oil  Co.,  Pittsburgh,  Pa. 
W.  E.  Fohl,  mining  engineer,  Pittsburgh,  Pa. 

John  Gates,  attorney,  Philadelphia  Co.,  Pittsburgh,  Pa. 

K.  D.  Hall,  associate  editor,  "  Coal  Age,"  New  York,  N.  Y. 

A.  G.  Heggem,  petroleum  engineer.  Bureau  of  Mines,  Pittsburgh,  Pa. 

R.  R.  Hlce.  State  geologist,  Beaver,  Pa. 

O.  P.  Hood,  chief  mechanical  engineer,  Bureau  of  Mines,  Pittsburgh,  Pa. 

L.  M.  Jones,  engineer.  Bureau  of  Mines,  Pittsburgh.  Pa. 

G.  Li.  King,  division  superintendent.  South  Penn  Oil  Co.,  Cameron,  W.  Va. 
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M.  B.  LaytoD.  .'issistant  manager,  Manufacturers  Light  &  Heat  OOb,  Pitti^ 
burgh.  Pa. 
E.  D.  Leland,  superintendent,  Philadelphia  Co.,  Pittsburgh,  Pa. 
W.  L.  McCloy,  general  superintendent,  Philadelphia  Ck>.,  Pittsburgh,  Pa. 
R  B.  Moore,  chief  engineer.  Consolidation  Goal  Co.,  Fairmont,  W.  Va. 

A.  J.  Moorshead,  president  and  general  manager,  Madison  Coal  Corporation, 
representing  Illinois  Coal  Operators  Association,  St.  Louis,  Mo. 

T.  A.  Neiil,  division  superintendent,  South  Penn  Oil  Co.,  Mannington,  W.  Va. 
W.  C.  NeiU,  attorney.  Manufacturers  Light  &  Heat  Go.,  Pittsburgh.  Pa. 
John  Rees,  mining  engineer,  Youghiogheny  &  Ohio  Coal  Co.,  Pittsburgh,  Pa. 
George  S.  Rice,  chief  mining  engineer.  Bureau  of  Mines,  Pittsburgh,  Pa. 
George  W.  Schluederberg,  general  manager,  Pittsburgh  Coal  Co.,  Pittsburgh, 
Pa. 
E.  J.  Taylor,  chief  engineer,  Pittsburgh  Coal  Co.,  Pittsburgh,  Pa. 
C.  B.  Turner,  superintendent.  South  Penn  Oil  Co.,  Mannington,  W,  Va. 

B.  A.  Watters,  chief  mining  engineer.  Hicks  Coal  Co.,  Freeport,  Pa. 

W.  A.  Weldin,  assistant  chief  engineer,  Pittsburgh-Buffalo  Coal  Co..  Pitta- 
burgh,  Pa. 

David  Young,  State  mine  inspector,  Freeport,  Pa. 

A  number  of  other  persons  who  arrived  after  the  beginning  of  the 
conference  did  not  register. 

Mr.  William  E.  Fohl,  of  Pittsburgh,  was  elected  chairman,  and 
O.  P.  Hood,  of  the  Bureau  of  Mines,  secretary.  The  formal  organiza- 
tion of  the  conference  having  been  completed,  the  first  paper  on  the 
program,  a  general  introduction  to  the  topic  to  be  discussed,  was 
read  by  Mr.  Rice. 


GAS  AND  OIL  WELLS  IN  COAL  FIELDS. 


By  Gkorge  S.  Rice. 


INTSODUCTIOK. 

The  problem  of  gas  or  oil*  wells  sunk  through  or  near  coal  mines 
and  through  the  future  coal  reserves  has  gradually  become  more 
and  more  serious,  not  only  because  of  the  danger  to  the  miner  but 
also  because  of  the  increasing  loss  of  coal  left  as  pillars  about  the 
wells,  and  this  loss  will  increase  in  the  future  unless  means  are  found 
to  insure  safety  to  the  miner  and  permit  the  coal  to  be  extracted. 

A  prominent  engineer  told  the  writer  recently  that  he  has  been 
obliged  to  report  unfavorably  to  his  client  upon  the  purchase  of  a 
certain  tract  of  coal  land  which  he  was  examining  on  account  of 
the  numerous  oil  and  gas  wells  on  the  property,  which  would  seriously 
interfere  with  mining  operations.  Diagrams  and  plans  will  be  pre- 
sented showing  how  very  close  together  wells  have  been  drilled. 

DANGER  TO  MINERS  FROM  CAS  WELI*S. 

Fortunately,  thus  far  there  has  not  been  a  large  loss  of  life  in 
mines  through  explosions  or  fires  caused  by  leakages  of  gas  from 
wells,  but  there  are  several  cases  on  record  in  which  lives  have  been 
lost,  and  the  possibility  of  disaster  has  been  present  in  a  number  of 
instances.  One  special  case,  which  has  been  frequently  mentioned, 
is  that  of  the  Middleton  and  Enterprise  mines,  near  Fairmont, 
W.  Va.,  where  natural  gas  under  high  pressure  leaked  from  a  well 
and  entered  the  two  adjoining  mines,  leading  to  local  explosions  in 
each  mine  and  to  the  death  of  three  miners.  Fortunately  this  in- 
leakage  of  gas  occurred  at  night  when  but  few  men  were  in  the 
mines,  and  the  company  that  owned  the  mines  had  taken  excellent 
precautions  to  keep  the  coal  dust  wet.  Consequently  the  exi)losions 
were  of  small  extent.  This  case  is  particularly  interesting  because 
the  well  was  surrounded  by  a  100-foot  pillar,  and  there  was  a  coal 
barrier  100  feet  thick  between  the  two  mines.  Therefore  the  gas 
entered  the  mines  not  through  the  coal  but  through  the  floor  and 
along  a  line  2,300  feet  in  length,  according  to  Mr.  Tarleton,  general 
superintendent  of  the  company,  who  described  the  explosion  in  a 
paper  that  appears  in  the  Transactions  of  the  West  Virginia  Mining 
Institute  for  1911. 

Deep  wells  are  constantly  being  drilled  in  the  coal  fields  of  this 
country  and  are  very  numerous  in  the  coal  basins  of  Pennsylvania, 
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West  Virginia,  Ohio,  Indiana,  Illinois,  and  Kansas,  as  is  shown  by  the 
accompanying  map  of  a  part  of  Greene  County,  Pa.  (fig.  2).  In 
Pennsylvania  and  West  Virginia,  mines  not  infrequently  strike  aban- 
doned, unmapped  wells.  Many  of  these  wells  have  been  found  filled 
with  gas,  and  in  some  instances  the  gas  has  been  lighted.  Recently  a 
serious  fire  was  caused  in  a  coal  mine  in  the  vicinity  of  Pittsburgh 
through  burning  gas  which  had  been  ignited  when  an  unknown 
well  was  struck  in  mining.  Fortunately  this  fire  was  not  attended  by 
an  explosion,  but  it  led  to  the  mine  being  shut  down  for  a  couple 
of  weeks,  and  the  bureau's  engineers  and  rescue  crew,  equipped 
with  breathing  apparatus,  had  to  be  called  upon  to  investigate 
behind  the  fire  stoppings.  In  a  number  of  cases  where  wells  have 
been  encountered  there  have  been  narrow  escapes  from  explosions. 
It  would  therefore  appear  that  the  mining  industry  hitherto  has 
been  more  lucky  than  farseeing  in  failing  to  take  precautions  to 
make  abandoned  wells  secure  and  to  record  the  situation  of  these 
wells,  which,  though  not  giving  gas  in  commercial  quantities,  make 
gas  enough  to  be  a  serious  menace  in  mining. 

NEED    OF    SUITABLE    LEGLSLATTON. 

The  dangers  that  threaten  have  frequently  been  pointed  out  by 
Dr.  I.  C.  White,  of  West  Virginia,  president  of  the  Association  of 
State  Geologists.  At  a  recent  meeting  of  this  association  a  com- 
mittee was  appointed  to  confer  with  Dr.  Joseph  A.  Holmes,  Director 
of  the  Bureau  of  Mines,  on  this  subject.  Director  Holmes  also  re- 
ceived requests  from  other  persons  to  take  up  the  question  with  a 
view  to  formulating  suggestions  that  might  lead  to  uniform  legis- 
lation regarding  oil  and  gas  wells  in  tlie  various  States  in  which 
gas  or  oil  underlies  the  coal  fields. 

Hitherto,  legislation  on  gas  and  oil  wells  in  all  the  States,  except 
Ohio  and  Indiana,  has  dealt  with  the  subject  only  from  the  stand- 
point of  protecting  the  wells  from  one  another.  The  Ohio  laws, 
and  to  a  lesser  extent  the  Indiana  laws,  take  some  cognizance  of  the 
danger  to  mining  from  the  proximity  of  wells,  but  the  laws  of  both 
States  are  considered  inadequate  in  this  respect. 

The  problem  of  formulating  laws  is  not  one  that  concerns  alone 
the  coal  operator  and  the  inspector,  for  it  also  concerns  the  gas 
and  oil  well  operators.  The  latter  must  be  given  the  opportunity 
to  search  for  and  obtain  the  gas  and  oil  they  hold  under  option 
or  ownership.  It  is  manifest  that  they  wish  to  take  reasonable 
precautions  for  safety,  but  do  not  wish  to  be  put  to  unnecessary 
expense  or  to  be  prevented  from  drilling  wells  in  coal  fields;  there- 
fore some  means  must  be  found  by  which  the  wells  can  be  drilled 
through  or  in  the  vicinity  of  the  coal  mines  without  creating  dan- 
gerous conditions.     Three  parties  are  there foi*e  vitally  concerned; 
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the  gas  and  oil  well  operator,  the  coal  operator,  and  the  miner, 
^hose  safety  is  looked  after  by  the  State  mine  inspector.  The  State 
geologists  are  interested  because  of  the  desirability  of  conserving 
oil  and  gas  as  well  as  coal.  The  United  States  Bureau  of  Mines 
is  concerned  both  in  the  conservation  of  all  mineral  resources  and  in 
the  safety  of  miners.  Hence  it  is  desirable  to  have  good  as  well 
as  uniform  rules  and  regulations  throughout  the  country. 

PRELIMINARY   CONFERENCES. 

As  a  preliminary  to  this  general  meeting,  it  was  thought  advisable 
to  c<Mifer  with  those  interested  in  the  questions  involved;  conse- 
quently a  conference  was  held  a  few  weeks  ago  with  some  of  the 
coal  operators  who  had  had  experience  in  dealing  with  gas  and  oil 
wells  drilled  through  mines;  then  followed  a  conference  with  repre- 
sentatives of  the  gas- well  interests;  and  more  recently  a  conference 
was  held  with  a  number  of  State  geologists*  representing  several  of 
the  leading  coal-mining  States  in  which  gas  and  oil  wells  have 
become  or  are  becoming  important. 

After  these  preliminary  meetings,  those  members  of  the  Bureau  of 

Mines  who  had  been  charged  by  the  director  with  this  investigation 
prepared  a  tentative  outline  of  rules  and  regulations  that  might 
serve  as  a  basis  for  possible- l^slation  on  oil  and  gas  wells  through 
coal  beds.  This  outline  was  formulated  to  harmonize  as  well  as 
possible  witli  the  ideas  presented  in  the  several  preliminary  con- 
ferences by  representatives  of  different  interests  involved,  regard 
being  had  for  the  fact  that  it  would  be  wise  to  have  such  rules  and 
regulations  of  a  general  character  suitable  for  a  basis  for  possible 
legislation  in  each  of  the  States — the  rules  to  be  amended  or  modi- 
fied in  detail  to  suit  the  particular  conditions  that  prevail  in  any 
particular  State.  These  proposed  rules  and  regulations,  and  the 
interpretation  prepared  by  other  members  of  the  Bureau  of  Mines, 
will  be  read  at  this  meeting. 

Several  features  that  were  discussed  at  considerable  length  in  the 
preliminary  conferences  have  not  been  incorporated  in  the  rules 
and  regulations  outlined,  as  it  was  felt  that  their  incorporation  would 
not  be  wise,  and,  in  fact,  would  have  to  be  rather  a  matter  of  gradual 
development  and,  in  certain  cases,  of  private  agreement  between  the 
parties  at  interest.    'These  questions  are  discussed  here. 

SIZE  OF  COAL  PILLABS  THAT  SHOXTLD  SURROUND  GAS  AND  OIL 

WELLS. 

Investigations  and  inquiry  show  that  the  pillars  that  have  been 
left  around  gas  wells  in  Pennsylvania  and  West  Virginia  vary 
from  40  feet  in  diameter  or  40  feet  square  to  200  feet  in  diameter  or 
square,  the  well  being  at  the  center  of  the  circle  or  square.    Inquiry 
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has  been  made  as  to  the  reasons  underlying  the  determination  of 
the  size  of  these  pillars,  but  it  was  found  that  there  was  no  scientific 
basis  for  such  determination,  and  that  the  various  sizes  of  pillars 
merely  represented  the  opinions  of  the  parties  concerned  or  com- 
promises between  interested  parties.  The  courts,  in  rendering  de- 
cisions, seem  to  have  determined  arbitrarily  the  size  of  pillars  that 
must  be  left  in  certain  cases,  the  size  specified  in  each  specific  case 
presumably  representing  the  concensus  of  the  testimony  that  was 
presented. 

In  the  preliminary  conferences  it  was  unanimously  conceded  that 
pillars  of  coal  of  any  reasonable  size  did  not  prevent  leakage  of 
gas  into  the  mine  when  there  were  defects  in  the  well  casings,  but 
that  they  served  to  support  the  overlying  strata  and  thus  prevent 
fracturing  or  breakage  of  the  well  casing  anywhere  from  the  coal 
seam  upward  to  the  surface. 

PILLARS  AS  ROOF  SlfPI»<.)RT8. 

Regarded  from  this  i)oint  of  view,  the  question  of  the  proper  size 
of  pillar  around  a  well  is  a  problem  somewhat  similar  to  that  which 
has  arisen  as  to  the  proper  size  of  pillar  to  be  left  surroimding  a 
mine  shaft.  Inquiry  by  the  bureau  has  not  disclosed  any  uniform 
system  of  determining  the  size  of  a  shaft  pillar,  but  a  number  of 
empiric  formulas  have  been  used  by  mining  engineers  in  the  vari- 
ous mining  countries.  These  formulas  are  usually  based  on  the 
distance  of  the  coal  bed  fi'om  the  surface.  The  ratio  of  diameter 
of  the  pillar  to  depth  from  the  surface  in  the  formulas  noted  is 
from  i  to  1  to  ^  to  1 ;  that  is,  if  the  coal  is  400  feet  below  the  sur- 
face the  pillar  should  be  100  feet  to  200  feet  thick. 

A  formula  that  is  used  for  barrier  pillars  in  the  anthracite  fields, 

by  a  number  of  prominent  companies  and  is  approved  by  the  mine 

inspectors  of  eastern  Pennsylvania,  takes  into  account  the  thickness 

of  the  coal.    The  foimula  is  as  follows: 

The  width  of  the  barrier  pillar  is  equal  to  the  thi(;kues8  of  workings  multi- 
plied by  1  i)€r  cent  of  the  depth  below  natural  drainage  level,  plus  the  thick- 
ness of  the  workings  multiplied  1)y  r*. 

The  drainage  level  presumably  is  at  or  near  the  surface.  If  a 
seam  were  9  feet  thick  and  300  feet  below  drainage  level  then  the 
thickness  of  the  barrier  pillar  would  be 

(9X3)  +  (9Xr>)=72  feet. 

Although  this  fonnula  seems  chiefly  for  protection  against  innishes 
of  water,  it  is  manifest  that  the  effect  of  crushing  is  also  involved, 
for  if  the  pillar  were  crushed  it  would  not  furnish  the  necessary 
protection.  "The  Coal  and  Metal  Miners'  Pocket  Book"  offers 
this  formula  for  shaft  pillars  deeper  than  700  feet:  r=3VDX^, 
in  which  r  equals  the  radius  of  the  shaft  pillar,  D  the  depth  of 
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shaft,  and  t  the  thickness  of  seam.  For  example,  in  a  shaft  900  feet 
deep  and  the  coal  bed  8  feet  thick,  the  radius  of  the  pillar  should  be 
255  feet,  or  its  diameter  should  be  510  feet. 

The  necessity  of  protecting  a  shaft  is  doubtless  greater  than  that 
of  protecting  a  gas  or  oil  well.  The  shaft  is  the  means  of  egress, 
and  it  is  not  simply  the  protection  of  the  shaft  itself  that  must  be 
considered,  but  also  the  support  of  the  surrounding  buildings,  in- 
cluding the  engine  and  boiler  plant ;  hence  there  is  greater  need  in 
having  large  pillars  around  shafts  than  around  wells. 

It  is  manifest  that  the  varying  character  of  the  strata  in  different 
districts  affects  the  determination  of  the  size  of  mine  pillars  to  be 
adopted  for  oil  or  gas  wells — ^that  is,  on  the  assumption  that  it  is 
necessary  to  prevent  any  movement  of  the  ground  surrounding  the 
casing  all  the  way  to  the  surface.  If  the  roof  over  the  coal  bed 
breaks  easily  the  fractures  will  probably  extend  upward  in  more  or 
less  vertical  planes.  .On  the  other  hand,  where  the  roof  is  strong 
sandstone  or  limestone  and  the  fall  occurs  on  onlv  one  side  of  the 
well  first,  which  is  usually  the  case,  there  is  a  possibility  that  there 
may  be  |i  considerable  pull  toward  that  side  which  may  carry  the 
break  diagonally  upward,  so  that  the  plane  of  fracture  may  inter- 
sect the  well  beforie  reaching  the  surface,  in  which  event  there  might 
be  danger  of  rupturing  the  casing,  or  at  least  of  swinging  it  out  of 
line. 

It  was  pointed  out  by  Mr.  S.  A.  Taylor  in  the  first  preliminary  con- 
ference (that  with  the  coal  operators)  that  where  the  cleavage  of 
the  coal  is  very  marked,  as  in  the  Pittsburgh  bed,  a  pillar  should 
not  be  square,  but  should  be  rectangular,  in  order  to  get  equal 
strength — that  is,  the  pillar  should  be  longer  across  the  faces,  or  in  a 
direction  parallel  with  the  butts. 

The  Consolidation  Coal  Co.  in  the  Fairmont  district,  W.  Va,,  is 
considering  the  necessity  of  leaving  200-foot  pillars,  around  the  wells. 
Figure  1  shows  gas  wells  drilled  in  a  certain  area  and  a  projected 
plan  of  working  with  100-foot  pillars  surrounding  the  wells.  There 
are  also  indicated  200-foot  square  pillars,  which  would  require  revi- 
sion of  projected  plan  of  workings,  and  shows  how  serious  this 
requirement  may  be  when  the  wells  are  close  together,  either  as 
regards  the  laying  out  of  the  mine  or  the  loss  of  coal  in  the  pillars. 
A  map  (fig.  2)  is  presented  of  a  portion  of  Greene  County  showing  oil 
and  gas  wells.  This  brings  up  the  question  whether  or  not  it  is 
necessary  to  retain  the  pillar  permanently. 

EXTBACTION  OF  COAL  SUBBOUNDING  A  WELL. 

In  the  preliminary  conferences  the  writer  suggested  that  it  might 
be  possible  to  dispense  with  a  coal  pillar  around  an  oil  or  gas  well, 
provided  an  artificial  pillar  was  substituted.    This  proposal  is  hardly 
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eo  radical  as  it  may  seem  at  first.  The  coal  surrounding  shafts  has 
been  extracted  without  detriment  in  some  of  the  lougwall  mines  in 
Great  Britain,  and,  the  writer  was  informed,  in  one  longwall  mine 
in  northern  Illinois.    Where  this  plan  has  been  employed  the  section 


from  which  the  coal  had  been  excavated  has  been  carefully  packed 
with  broken  rock  and  dirt,  as  is  usually  done  in  "  longwall  ad- 
vancing," so  that  the  movement  downward  is  very  gradual  and 
T^^lar,  the  strata  all  tb?  way  to  the  surface  subsiding  evenly  and 
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without  damage  to  the  surface  buildings,  provided  the  longwall  face 
advances  regularly.  The  fina]  surface  subsidence,  where  the  goave 
has  been  well  packed  with  dry  packing,  is  about  50  pec  cent  of  the 
thickness  of  the  excavation — that  is,  in  a  bed  of  coal  6  feet  thick  the 
subsidence  would  be  about  3  feet. 

PBOTECnON  OF  CASINO  WITH  CLAY. 

To  suit  the  conditions  of  room  and  pillar  mining,  the'  writer  sug- 
gests the  following  plan  (see  figs.  3  and  4):  Lay  out  a  room  so 
that  the  drill  hole  will  be  approximately  in  its  center.  In  drilling  the 
well,  make  its  diameter  several  inches  larger  than  that  of  the  outer 
casing,  so  as  to  leave  a  space  of  1  to  2  or  more  inches  surrounding 


the  casing.  On  the  assumption  that  the  outer  casing  is  to  go  30 
feet  below  the  coal  bed,  then  the  hole  of  the  diameter  stated  is  to 
be  drilled  an  additional  distance  equal  to  the  thickness  of  the  seam, 
below  where  the  shoe  of  the  casing  is  to  hang.  The  casing  is  then 
to  be  lowered  and  hung  from  n  cross  beam  supported  permanently  at 
the  surface.  These  cross  beams  should  be  steel  channels  or  girders, 
9  or  10  feet  or  more  in  length  and  strong  enough  to  hold  the  weight 
of  the  casing.  Before  lowering  the  casing  a  gasket  of  rubber  or  can- 
vas is  to  be  fastened  around  it  just  above  the  shoe,  so  as  to  fit  snugly 
against  the  rock  or  shale  when  the  casing  has  been  lowered  to  place 
and  hung  from  the  beam  supports;  a  grouting  of  clay  is  then  to  be 
run  in  between  the  casing  and  the  walls  of  the  hole  so  as  to  fill  com- 
pletely this  space  from  the  gasket  to  the  surface.  The  purpose  of  the 
78876°— Bull.  65—13 2 
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grouting  is  to  allow  the  casing  to  slide  freely,  either  at  the  bottom 
or  the  top,  if  the  coal  is  excavated  and  the  ground  subsides.  After 
the  (asing  has  been  grouted,  drilling  and  the  putting  down  of  the 
inner  casing  are  to  proceed  in  the  usual  manner.  When  subsidence  of 
the  ground  occurs  the  arrangements  spoken  of  will  be  equivalent  to  an 
expansion  joint  in  a  steam  line.  The  inner  casings  and  the  gas  tube, 
being  rigid  and  fixed  below,  when  the  subsidence  takes  place  will 
merely  project  that  much  farther  above  the  surface  of  the  ground,  and 
will  not  be  affected  by  the  subsidence. 

It  is  of  course  assumed  that  an  opening  will  always  be  left  at  the 
top  between  the  largest  and  the  next  inner  casing  to  permit  the 
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escape  of  any  gas  that  leaks  into  the  space  between  the  casings,  in 
accordance  with  the  plan  employed  in  recent  wells,  where  by  agree- 
ment with  the  coal  companies  various  precautions  have  been  taken. 

When  the  room  mentioned  above  has  reached  the  well,  the  casing 
should  be  protected  from  injury  fi-om  cars  or  blasting  by  timbering; 
and'if  the  roof  is  very  poor,  a  timber  cog  should  be  carefully  built 
around  the  well  and  packed  tightly  with  clay.  When  the  rooms  in 
the  vicinity  are  "  up  "  their  proper  distance,  before  the  pillars  are 
withdrawn,  clay  sliould  be  brought  from  the  surface  {any  ordinary 
clay  will  do),  placed  around  the  well  casing,  and  ti^tly  packed  so 
as  to  make  a  cylinder  from  C>  to  8  feet  in  diameter-  It  will  not  be 
necessary  to  withdraw  any  of  the  timber  to  do  this.    The  space  sur- 
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rounding  this  clay  cylinder  back  to  the  ribs  should  be  fillet!  with 
mine  waste  obtained  from  lifting  the  bottom  or  from  fallen  roof 
rock.  When  the  ribs  have  been  drawn  back  to  a  point  opposite  the 
artificial  pillars,  a  thin  curtain  wall  can  be  retained  on  either  rib, 
merely  to  hold  the  gob  in  place.  The  purpose  of  the  "  gobbing  "  is  to 
allow  the  roof  to  come  down  evenly,  as  the  clay  packed  around  the 


hole  will  prevent  undue  pres.siire  at  any  point,  and  thus  prevent 
uistortion  of  the  casing.  Since  above  and  below  the  coal  bed  the 
casing  is  surrounded  with  a  layer  of  clay  the  roof  may  slip  down 
without  injury  to  the  casing,  or,  if  a)l  the  strata  above  come  down 
and  grip  the  casing,  the  latter  will  slide  further  down  into 
the  hole,  which  was  previously  drilled  large  enough  to  receive  it. 
With  such  a  plan  properly  carried  out,  the  writer  can  see  no  serious 
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risk  in  not  leaving  a  coal  pillar,  for  even  if  a  break  of  the  outer 
casing  occurs,  which  seems  unlikely,  there  is  at  all  times  a  vent  to 
the  surface  between  the  inner  and  the  outer  casing. 

LOWEB  COAL  BEDS. 

If  abandoned  wells  are  properly  plugged  from  bottom  to  top, 
there  would  seem  to  be  no  need  for  other  special  precautions  for 
deeper  coal  beds.  It  is  manifest  that  in  the  great  majority  of  cases 
these  coal  beds  -will  not  be  worked  for  many  years  to  come,  perhaps 
25,  or  50,  or  as  much  as  100  years.  It  is  manifest  also  that  no  casing 
would  resist  corrosion  for  such  long  periods,  therefore  it  is  believed 
that  the  project  of  restoring  the  strata  to  practically  the  same  strength 
and  impermeability  that  they  had  will  be  the  best  method.  All  the 
geologists  in  attendance  at  the  recent  meeting  agreed  that  this  was 
the  best  solution  of  this  problem. 

PLUGGING  ABANDONED  WELLS. 

The  geologists  agi-eed  further  that  the  simplest  and  safest  way  of 
handling  abandoned  wells  through  coal  mines  will  be  to  plug  them 
tightly  all  the  way  from  the  bottom  to  the  surface.  (See  fig.  7,  p.  21.) 
The  proposed  details  of  plugging  will  be  given  in  an  accompanying 
paper.  If  holes  are  plugged  so  that  there  is  no  leakage  of  gas,  there 
would  seem  to  be  no  danger  in  laying  out  or  working  a  mine  without 
regard  to  an  abandoned  well,  except  that  the  well  should  be  ap- 
proached carefully,  and  tests  should  be  made  to  see  whether  there  is 
any  sign  of  leakage  of  gas.  Such  lack  of  other  precautions  assumes 
that  the  plugging  of  abandoned  wells  in  coal  districts  shall  be  done 
with  an  inspector  present,  preferably  a  gas  and  oil  well  inspector 
appointed  by  the  State,  and  that  a  certificate  showing  that  the  plug- 
ging has  been  done  properly  has  been  duly  recorded. 

MAPS  OF  PBOJECTED  WOBKINGS. 

It  is  undoubtedly  a  most  excellent  plan  for  the  gas  and  oil  opera- 
tor and  the  coal  operator  to  come  together  and  agree  upon  the  suit- 
able placing  of  holes.  To  do  this  intelligently  the  coal  operator 
should  furnish  the  gas  and  oil  operator  a  plan  of  his  projected  mine 
workings.  It  is  assumed  that  the  site  of  the  proposed  well  shall  be 
carefully  surveyed  to  and  located,  and  that  the  map  of  the  location 
and  the  record  of  the  casing  at  lea^it  as  deep  as  30  feet  below  the  coal 
bed  that  is  being  worked  shall  be  matters  of  public  record. 

DBILLING  GAS  WELLS  THBOUGH  INACCESSIBLE  MINE  WOBKINGS. 

The  question  has  arisen  in  several  cases  as  to  the  protection  of  a 
mine  from  gas  leaking  from  a  well  drilled  through  an  inaccessible 
opening  or  excavation,  as,  for  example,  where  pillars  have  been 
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pulled.  In  the  event  of  such  leakage  there  would  be  danger  of  the 
goave  filling  with  gas  which  would  escape  into  the  active  workings. 
TTie  writer  does  not  attempt  to  discuss  the  relative  merits  of  the  two 
sides  to  the  controversy,  but  as  the  courts  have  held  that  the  parties 
owning  the  gas  have  the  right  to  drill  it  is  necessary  to  consider  how 
drilling  can  be  done  with  minimum  danger.  All  have  conceded  the 
necessity  of  having  at  least  one  outer  protective  casing  open  at  the 
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top  to  the  atmosphere,  but  in  the  event  that  acid  mine  water  may 
corrode  it  additional  protection  is  necessary.  One  plan,  proposed 
by  Mr.  McCloy,  of  the  Philadelphia  Co.  (see  fig.  5),  is  to  make  the 
hole  large  enough  to  insert  an  outer  pipe  opposite  the  coal  bed  and 
fiU  the  space  between  it  and  the  casing  with  cement.  This  plan  seems 
to  be  excellent  and  worthy  of  trial. 
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An  alternative  scheme  (fig.  6)  offered  by  the  writer  might  be  used 
where  the  mine  excavation  is  not  too  much  filled  with  debris,  and 
in  some  cases  might  be  used  to  supplement  the  method  previously 
described.  The  plan  is  as  follows:  After  the  drill  has  entered  the 
excavated  space  and  has  passed  through  any  loose  rock  to  the  bottom, 
fill  the  space  with  wet  concrete  composed  of  crushed  rock  or  gravel, 
sand,  and  cement  thoroughly  mixed.  This  concrete  is  to  be  put  in 
rapidly  and  will,  if  of  proper  consistency,  form  a  conical  heap  with 
the  apex  at  the  top  of  the  open  space.  A  conical  bit  or  tool  fixed  on 
the  end  of  the  string  of  tools  should  then  be  immediately  lowered 
and  used  to  spread  out  the  top  of  the  heap.  More  concrete  should 
then  be  put  in  and  should  be  spread  out  by  the  conical  tool.  After 
the  concrete  has  been  allowed  to  set,  a  hole  can  be  drilled  through  it 
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in  the  usual  way.  This  hole  may  be  a  small  one.  Then  liquid 
cement  can  be  run  in  and  forced  under  pressure  to  fill  the  interstices. 
After  this  has  set  it  is  anticipated  that  there  will  be  a  strong  concrete 
column  in  the  mine  excavation.  This  column  will  be  practically 
impervious  to  the  mine  water,  and  a  hole  of  full  size  can  be  drilled 
through  it  as  through  solid  rock  and  the  casings  inserted  in  the  usual 
manner. 

IHSCnSSION. 

A  Member.  Referring  to  figure  .^,  do  you  fill  the  hole  with  concrete 
or  with  cement,  mortar  ? 

Mr.  Rice.  It  is  filled  with  liquid  cement  and  an  inner  casing  to 
be  lowered  while  it  is  still  liquid.  The  surplus  cement  would  then 
be  removed  from  the  inner  casing. 


OIL  AND  GAS  WELLS  THROUGH  COAL  BEDS. 


21 


Mr.  McClot.  The  object  is  the  protection  of  the  inner  casing  from 
the  mine  water. 

A  Member,  [during  the  exhibition  of  fig.  7,  relating  to  plugging 
an  abandoned  well].  Is  this  designed  primarily  to  save  the  value 
of  the  coal,  or  to  prevent  the  oil  settling  or  otherwise  moving  into 
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other  strata  which  mig)it  be  detrimental  to  a  large  portion  of  the 
landt 

Mr.  Sice.  It  would  lead  to  the  same  end  in  either  case,  I  think, 
but  primarily  it  is  to  avoid  leaving  a  pillar.  When  the  well  is  still 
producing  oil  or  gas  the  plan  presented  in  figures  8  and  4  might 
be  employed. 

A  Member.  There  is  no  doubt  that  the  value  of  the  coal  recovered 
would  fairly  offset  the  cost  of  such  a  plan  a.s  this? 
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Mr.  Rice.  The  cost  of  the  coal  recovered  might  not  pay  in  the  case 
of  a  single  well,  but  I  think  it  would  pay  where  there  are  a  large  num- 
ber of  wells ;  so  that  it  might  be  very  difficult  to  mine  the  coal  at  all. 

Mr.  BoiLEAU.  Take  the  cheap  coal,  like  some  Illinois  coal,  $20  to 
$50  an  acre,  that  would  not  be  worth  the  saving,  would  it?  I  have 
seen  an  instance  of  gas  coal  where  a  man  paid  $200  for  a  40-foot 
pillar  around  a  well ;  that  is,  the  man  that  drilled  the  well  had  to 
pay  $200  for  a  40-foot  pillar  around  the  well.  I  would  rather  have 
left  the  coal  there  in  that  case. 

Mr.  EiCE.  It  is  not  a  universal  proposition  in  its  application.  I 
would  like  to  see  it  taken  under  consideration.  It  might  be  found 
entirely  impracticable. 

Mr.  Waiters.  I  think  that  is  a  good  scheme  for  a  single  well,  but 
I  do  not  think  that  it  would  be  in  all  cases.  For  instance,  suppose 
the  well  was  drilled  by  a  company  in  a  new  gas  or  oil  field  in  which 
pretty  rich  wells  are  being  struck,  and  suppose  that  the  property  line 
is  10  feet  from  a  well,  and  an  opposition  company  wanted  to  drill 
another  well  to  get  that  gas,  and  they  drilled  a  hole  within  10  feet 
or  20  feet,  how  would  that  be  protected  ? 

Mr.  Rice.  That  is    rather  too  intricate  to  take  up  at  this  time. 

A  Member.  That  will  come  up  every  day  in  good  gas  and  oil 
territory. 

Mr.  Rice.  My  point  of  view  is  that  if  you  protect  with  a  pillar 
of  coal  that  you  have  got  to  leave  a  big  pillar,  and  if  you  are  remov- 
ing or  pulling  the  room  pillars  the  presence  of  a  pillar  around  a  well 
will  interfere  with  the  regular  subsidence,  which  is  essential  in  sys- 
tematic pillar  withdrawal. 

Mr.  FoHL.  Then  it  is  your  view  that  the  leaving  of  that  compara- 
tively large  pillar  would  interfere  with  the  subsidence  of  the  strata. 

Mr.  Rice.  That  is  what  I  was  trying  to  bring  out.  In  longwall 
work,  if  on  account  of  property  rights  you  have  to  leave  a  pillar, 
it  usually  causes  more  trouble  to  surface  improvements  than  where 
you  can  take  it  out  and  let  the  settlement  take  place  regularly. 

Mr.  Moore  (referring  to  figs.  3  and  4).  That  artificial  pillar 
would  be  a  sort  of  pedestal  that  would  to  some  extent  support  the 
roof? 

Mr.  Rice.  It  would  be  an  elastic  support ;  it  would  gradually  pack 
down  to  about  one-half  its  original  height. 

Mr.  MooRE.  Suppose  on  that  butt  entry  you  have  three  wells, 
possibly  not  as  close  as  the  gentleman  suggests,  which  you  say  are 
300  feet  apart;  and  if  those  three  artificial  supports  tend  to  hold 
up  the  overlying  strata  to  any  great  extent,  wouldn't  that  be  a  source 
of  a  squeeze  ? 

Mr.  Rice.  That  would  be  a  danger  that  would  have  to  be  taken 
care  of  as  far  as  you  could  by  making  that  support  elastic.    So  it 
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settles  sufficiently  to  allow  the  roof  to  break  at  the  edge  of  the  pillars 
being  withdrawn,*  I  think  a  squeeze  would  be  avoided.  To  make  it 
very  elastic  you  would  allow  the  clay  and  other  material  to  be 
squeezed  out  laterally  and  perhaps  omit  some  of  the  curtain  pillars. 
The  proportions  of  these  as  shown  in  figures  3  and  4  are  not  to  be 
taken  literally.    It  is  just  a  suggestion  of  what  may  be  done. 

Mr.  Hall.  Hadn't  that  pipe  better  be  held  by  something  that 
would  move  in  the  hole  instead  of  by  something  that  is  in  the  roof? 
The  material  which  is  to  keep  the  clay  in  place,  moving  in  the  hole, 
instead  of  being  underneath  the  roof? 

Mr.  Rice.  We  are  providing  that  the  hole  below  the  casing  be 
drilled  large  enough  so  that  the  casing  can  slide  either  down  or  up. 

Mr.  Hall.  If  the  clay  layer  were  thinner,  you  could  put  another 
pipe  on  the  outside,  and  let  the  casing  run  up  and  down  in  that,  and 
so  need  nothing  more  to  protect  it  inside  of  the  mine. 

Mr,  Rice.  The  object  of  this  scheme  is  to  provide  a  cushion  for  the 
roof,  to  prevent  it  swinging  to  one  side  and  rupturing  the  casing. 
It  is  to  make  the  strata  in  the  vicinity  descend  evenly  when  the  ad- 
jacent coal  pillars  are  pulled,  and  I  think  that  an  outer  casing  sug- 
gested by  Mr.  Hall  will  be  unnecessary  if  the  holes  are  drilled  some- 
what larger  than  they  are  ordinarily,  and  are  filled  outside  the 
casing  with  clay  grouting. 

Mr.  FoHL.  Have  you  stated  the  approximate  dimensions  that  you 
would  have  for  this  artificial  pillar? 

Mr.  Rice.  I  have  in  mind  that  the  clay  pack  surrounding  the  hole 
would  be  about  8  or  10  feet  in  diameter,  and  outside  of  that  would  be 
built  up  a  gob  wall.  You  would  pack  the  clay  as  the  wall  was  built, 
and  perhaps  wet  it;  much  depends  upon  the  circumstances  in  each 
case.  From  experience  in  northern  Illinois,  where  you  pack  with 
longh  shale  material,  the  subsidence  is  about  50  per  cent,  and  that  is 
obtained  in  a  year  or  two.  Most  of  the  settlement  underground  takes 
place  in  the  first  two  or  three  months;  but  the  surface  is  affeced 
more  slowly,  depending  on  the  depth. 

Mr.  Hall.  Is  it  the  idea  that  there  is  another  butt  entry  parallel 
with  that? 

Mr.  Rice.  Yes.  It  is  intended  to  represent  the  ordinary  conditions 
in  the  Pittsburgh  field.  The  dimensions  (fig.  3)  may  not  be  quite 
right  as  to  width  of  rooms  and  pillars,  that  is  immaterial ;  the  scheme 
is  simply  presented  as  a  general  plan. 

Mr.  FoHL.  We  are  certainly  greatly  indebted  to  Mr.  Rice  for  the 
time  he  has  spent  in  the  preparation  of  this  subject,  and  we  hope 
that  a  little  later  these  illustrations  and  this  paper  will  receive  a  full 
discussion.  We  will  proceed  with  the  next  paper  on  the  program: 
"Mine  Troubles  Due  to  Proximity  of  Gas  and  Oil  Wells,"  by  Mr. 
L.  M.  Jones. 
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By  L.  M.  Jones. 


INTRODUCTION. 

Tlie  relation  of  gas  and  oil  wells  to  nearby  coal  mines  has  been 
investigated  by  inquiring  into  the  past  and  the  present  practice  of 
operating  each  and  by  noting  wherein  accidents  and  troubles  have 
resulted  or  are  likely  to  result.  Published  references  to  several 
sources  of  trouble  have  been  found,  and  as  majiy  as  time  would  per- 
mit have  been  investigated  in  the  field  with  a  view  to  determining 
causes  and  remedies.  The  cases  on  which  information  has  been 
obtained  have  been  classified  according  to  the  cause  of  the  accident 
or  trouble  and  are  discussed  below. 

ABANDONED   WELLS   XTNCHABTED   AND   IMI^BOFEBLY   FLTTGOED. 

XTntil  very  recently  there  has  been  no  legislation  in  any  of  the 
States  requiring  the  filing  of  a  statement  giving  the  exact  location 
of  a  drill  hole,  and  the  legislation  covering  plugging  has  for  the  most 
part  not  covered  the  matter  thoroughly,  and  has  been  difficult  to 
enforce. 

CoiLsequently  in  some  of  the  old  oil  and  gas  fields  many  of  the 
wells  drilled  have  l)een  unchartjed  and  have  been  ineffectually  plugged 
or  not  plugged  at  all.  AMiere  these  wells  have  passed  through  coal 
beds  that  at  a  later  period  have  been  opened,  several  accidents  have 
been  caused  by  the  unexpected  piercing  of  the  wells  and  the  resulting 
liberation  of  large  volumes  of  natural  gas. 

MINE  FIBE  CAUSED  BY  FIEBCINO  AN  UNGHABTSD  ABANDONED 

WELL. 

A  serious  mine  fire  was  caused  at  a  mine  at  Vandergrift,  Pa.,  on 
July  80,  1912,  by  the  lighting  of  gas  that  entered  the  mine  after  the 
striking  of  an  abandoned  gas  well. 

A  machine  runner  and  a  scraper  were  undercutting  the  coal  with 
a  chain  machine  at  the  right  corner  of  the  face  in  a  room  about 
11  o'clock  in  the  morning.  The  machine  cut  into  the  nncased  well 
hole  and  a  large  volume  of  gas  immediately  entered  the  mine.  The 
gas  was  li^iteil  by  the  open  lights  of  the  miners  and  they  were 
forceil  to  run  from  the  workings  place.  As  they  ran  out  of  the  room 
the  flaming  gas  followed  just  beneath  the  roof.  Several  unsuccessful 
attempts  were  made  by  the  foreman  and  others  to  reach  the  face  to 
get  the  mining  machine. 

24 
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At  4  p.  m.  brick  stoppings  were  started  at  the  mouth  of  entries 
19  and  20.    They  were  completed  that  evening. 

Later  by  digging  on  the  surface  the  top  of  the  well  hole  was  found. 
It  was  cleaned  out  to  a  depth  of  715  feet  (500  feet  below  the  coal), 
where  there  seemed  to  be  an  obstruction.  The  hole  was  then  cased 
in  the  following  manner : 

An  8-inch  pipe  was  inserted  to  a  distance  of  4  feet  below  the  sur- 
face; then  4-inch  pipe  was  inserted  to  a  point  8  feet  above  the  coal 
and  at  its  end  a  3§-foot  by  7f-inch  sleeve  wall  packer  was  placed. 
Inside  the  4-inch  pipe  a  2-inch  pipe  was  inserted  to  a  point  150  feet 
below  the  coal,  and  a  disk  wall  packer  was  placed  at  its  end.  This 
arrangement  allowed  a  free  vent  from  below  the  coal  to  the  surface. 

After  an  investigation  with  helmets  inside  the  sealed  area  had 
indicated  that  the  fire  was  out  the  entries  were  reopened. 

SEEPING  OF  OIL  INTO  MINES. 

In  a  number  of  coal  mines  oil  has  oozed  from  the  c^al  from  wells 
whose  position  was  not  accurately  known,  the  surface  indications 
having  entirely  disappeared. 

In  one  mine  in  the  Pittsburgh  district,  after  two  rooms  off  a  certain 
butt  entry  had  passed  through  a  clay  seam,  oil  oozed  from  the  coal 
face.  Work  in  the  rooms  was  immediately  discontinued,  and  sam- 
ples of  air  were  taken  at  the  face  to  determine  whether  any  natural 
gas  was  leaking  into  the  mine.  The  samples  failed  to  show  the 
presence  of  any  natural  gas,  although  three  abandoned  wells  were 
near  the  point  of  sampling.  Two  of  these  were  within  250  feet  from 
the  points  where  the  oil  appeared,  and  the  third  was  about  400  feet 
distant.  All  three  wells  were  supposed  to  have  been  plugged  before 
abandonment. 

There  have  been  other  cases  where  oil  from  a  neighboring  well 
has  entered  a  mine  through  the  coal.  In  one  mine  the  quantity  so 
entering  necessitated  the  installation  of  a  pump  for  its  i-emoval. 

WELLS  WITHOUT  VENT  FOB  CASINO  GAS. 

A  second  group  of  troubles  arises  from  wells  that  have  been  im- 
properly cased  and  sealed,  some  of  which  have  no  vent  to  the  surface 
for  gas  collected  within  the  outside  casing. 

MINE  EXPLOSIONS  CAUSED  BY  NATUBAL  OAS  FBOU  WELLS. 

EXPIjOSIONS  in   CONSOLroATION   COAL   00. 's   MINES   N08.    4  7    AND    49.  . 

Probably  the  most  serious  accident  that  has  yet  occurred  from 
natural  gas  entering  a  mine  resulted  from  an  improperly  capped  well 
that  had  been  drilled  through  mine  No.  47  of  the  Consolidation  Coal 
Co.  in  West  Virginia.  This  accident  occurred  December  19,  1910, 
and  was  described  by  C.  H.  Tarleton  before  the  West  Virginia  Min- 
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ing  Institute  in  1911.  The  well  in  question  was  so  small  a  producer 
that  it  had  been  closed  in,  as  its  commercial  value  was  questionable. 
It  passed  through  the  mine  at  one  end  of  a  coal  pillar  125  feet  wide 
and  380  feet  long.  In  some  manner  not  definitely  known  the  gas 
from  the  tubing  leaked  into  the  casing,  which  was  closed  at  the  sur- 
face. The  high  pressure,  said  to  be  possibly  1,000  pounds  to  the 
square  inch,  forced  the  gas  through  the  rock  strata  underlying  the 
coal,  and  the  gas  entered  mines  Nos.  47  and  49  at  a  number  of  points 
in  practically  a  straight  line  extending  southwest  parallel  to  the 
coal  contours  of  the  Pittsburgh  seam  for  a  distance  of  2,300  feet  from 
the  well.  As  these  mines  were  nongaseous,  open  lights  were  used; 
the  gas  in  both  mines  was  lit  by  the  open  lights,  explosions  resulting. 
Fortunately  the  coal  dust  in  both  mines  was  damp,  so  that  the  explo- 
sions were  not  so  widespread  nor  so  violent  as  they  might  otherwise 
have  been. 

In  mine  No.  47  the  explosion  occurred  at  0.50  a.  m.,  while  the  men 
were  going  to  work.  Three  of  them  lost  their  lives  owing  to  inhala- 
tion of  flames;  the  others  succeeding  in  getting  outside  without  being 
caught  in  the  afterdamp. 

In  mine  No.  49  gas  blowers  in  rooms  10  and  11,  off  the  third  right 
butt  entry,  off  the  main  south  face,  were  lit  about  8  o'clock  p.  m., 
December  18,  by  a  pumpman,  who  was  the  only  person  in  the  mine. 
He  succeeded  in  putting  the  fire  out  with  his  coat.  At  5  o'clock  the 
next  morning  he  lit  the  gas  in  the  third  face  entry  and  an  explosion 
resulted.  Fortunately  the  explosion  ruptured  an  overcast  near  where 
the  pumper  was  thrown,  and  the  short-circuiting  of  the  air  pre- 
vented his  suffocation  by  afterdamp. 

The  explosion  in  this  mine  caused  considerable  damage  inby  the 
point  of  ignition  and  started  a  mine  fire  in  room  5,  on  the  first  left 
butt  entry.    Eight  stoppings  were  required  to  seal  off  the  fire  area. 

Samples  of  gas  were  taken  in  both  mines,  and  the  analyses  indi- 
cated that  natural  gas  was  present,  as  a  considerable  percentage  of 
ethane  was  found.  ^Vlien  the  well  was  opened  the  gas  blowers  in 
the  mine  began  to  diminish  and  eventually  almost  entirely  disap- 
peared. 

PBORA  EXPT/>8I0N. 

Another  mine  explosion,  due  to  the  lighting  of  inleaking  natural 
gas,  occurred  at  a  counti'j^  mine  on  the  Mary  Chalfont  farm,  at  Peora, 
Harrison  County,  W.  Va.,  November  22,  1912. 

A  man  and  two  boys  entei'ed  the  pit,  which  has  only  a  single  entry, 
between  6  and  7  p.  ra.  As  they  were  going  in  they  met  a  neighbor 
coming  out  with  a  wheelbarrow  load  of  coal.  It  is  reported  that  the 
neighbor  had  fired  a  shot  just  before  he  came  out,  but  he  did  not 
say  anything  about  it.  When  the  three  reached  the  face  the  man 
noticed  that  the  roof  was  not  in  go<Kl  shape,  so  he  asked  (me  of 
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the  bojs  to  raise  the  open  light  in  order  that  he  could  see  it  better. 
As  soon  as  the  boy  raised  the  light  an  explosion  occurred.  The  man 
managed  to  get  out,  but  the  two  boys  were  burned  to  death.  The 
neighbors  say  that  the  flame  extended  100  feet  from  the  opening  and 
was  40  feet  in  height.  A  wheelbarrow  was  thrown  from  inside  the 
pit  over  150  feet  from  the  opening.  Some  timbers  from  the  mine 
were  also  blown  160  feet  from  the  opening.  There  was  considerable 
gas  coming  from  the  ground  around  the  outcrop  and  this  took  fire. 
Some  person  went  to  the  gas  well  about  500  feet  from  the  opening 
and  opened  the  valve  to  the  casing.  The  pressure  was  immediately 
relieved  and  the  flame  died  down  at  the  pit  mouth  and  along  the 
outcrop. 

The  explosion  started  a  fire  in  the  mine  and  it  burned  from  Novem- 
ber 22  to  24,  when  it  was  put  out  by  Mr.  Tarleton  and  some  other 
men. 

At  some  previous  time  the  casing  had  been  pulled  out  of  the 
well,  but  the  tubing  had  been  left  and  the  well  remained  in  use. 
Only  a  little  6-inch  casing  had  been  left  and  this  had  been  capped 
at  the  top  and  the  valve  had  been  closed,  as  had  also  the  valve  on 
the  tubing.  It  is  probable  that  the  casing  had  been  closed  for  some 
time  and  that  the  gas  had  broken  into  the  mine  as  a  result  of  the 
firing  of  the  last  shot.  When  Mr.  Tarleton  was  there  on  November 
24  there  was  still  2  feet  of  gas  at  the  roof.  By  January  18,  the  pit 
mouth  had  been  partly  filled  and  water  had  backed  into  the  mine  so 
that  it  was  impossible  to  get  in  very  far.  Two  samples  of  gas  were 
taken  10  feet  inside  the  opening,  but  in  the  half  light  no  gas  cap 
could  be  seen.  The  well  is  supposed  to  be  just  515  feet  from  the 
mine  opening  and  the  single  entry  of  the  mine  is  reported  to  have 
advanced  to  a  point  within  a  few  feet  of  the  well,  but  it  is  uncertain 
just  how  far  the  entry  is  in,  since,  so  far  as  is  known,  no  accurate 
measurements  have  been  made. 

REYNOU>8VILLE   EXPLOSION. 

Another  instance  of  gas  leaking  into  a  country  pit  occurred  near 
Reynoldsville,  W.  Va.,  on  the  Parkersburg  branch  of  the  Balti- 
mol^  &  Ohio  Railroad.  A  man  had  gone  to  the  face  of  the  entry, 
80  feet  from  the  opening,  and  had  lit  a  shot.  He  then  went  outside 
and  waited  until  the  charge  had  fired.  The  shot  caused  a  violent 
explosion  which  blew  two  cars  standing  in  front  of  the  mine  a 
considerable  distance.  After  the  explosion  it  was  found  that  the 
nune  contained  large  quantities  of  explosive  gas.  A  well  1,000  feet 
from  the  opening  was  opened,  but  the  gas  still  seemed  to  leak  into 
the  mine.  A  well  1,600  feet  distant  and  in  direct  line  with  the  entry 
was  then  opened  and  immediately  the  gas  ceased  coming  into  the 
mine. 
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CLARKSBURG    EXPLOSION. 

In  the  proceedings  of  the  West  Virginia  Coal  Mining  Institute 
for  1911,  Mr,  Frank  Parsons,  district  inspector  in  West  Virginia, 
told  of  a  mine  near  Clarksburg,  W.  Va.,  which  had  had  an  explosion, 
probably  caused  by  the  lighting  of  natural  gas  that  had  leaked  in 
from  a  gas  well.  His  reason  for  believing  that  the  gas  was  natural 
gas  is  given  below : 

The  mine  was  in  only  80  feet  from  the  outcrop.  A  mine  only  80  feet  distant 
had  been  opened  out  completely  and  abandoned  without  ever  detecting  gas. 
Since  abandonment  of  this  mine  four  gas  wells  had  been  drilled  in  the 
neighborhood  so  that  it  was  probable  gas  was  leaking  from  one  of  these  weUa. 

LEAKAGE  OF  GAS  EBOU  WELL. 

In  another  mine  in  southwestern  Pennsylvania  there  is  an 
abandoned  well  located  in  a  pillar  near  the  forks  of  two  entries. 
Air  samples  taken  two  years  ago  in  an  air  current  from  this  section 
showed  0.87  per  cent  of  natural  gas,  which  was  equivalent  to  252  feet 
of  natural  gas  a  minute.  Analyses  made  recently  indicate  that  gas 
is  still  being  given  off  but  in  decreasing  volume. 

The  instances  cited  show  that  greater  precautions  should  be  taken 
to  seal  properly  all  wells  from  the  coal  beds  and  to  provide  a  vent  to 
the  surface  for  any  gas  that  may  collect  in  the  casings. 

XTKFBOTECTED  CASINGS. 

There  is  always  a  possibility  of  danger  from  wells  that  pass 
through  the  workings  of  an  operating  mine  if  the  well  casings  are 
unprotected.  I  have  heard  of  no  case  where  serious  accident  has 
resulted  in  the  mines  from  such  a  condition,  but  many  such  wells  are 
a  constant  menace  to  the  safety  of  the  mine  on  account  of  the  fact 
that  the  exposed  condition  of  the  casings  renders  them  more  likely 
to  be  injured  than  if  they  were  inclosed  by  a  protecting  wall  or  pillar. 

BRIER  HILL  MINE  EXPLOSION. 

In  the  bituminous  report  of  the  Pennsylvania  Department  of  Mines 
for  the  year  1895  James  Blick,  State  mine  inspector,  reported  an 
accident  at  Brier  Hill  mine,  October  17,  1895,  in  which  three  men 
were  badly  burned,  one  of  them  dying  12  days  after  the  accident. 

The  accident  was  due  to  the  lighting  of  natural  gas  that  had  leaked 
into  the  mine  from  an  oil  well.  The  well  had  been  drilled  through 
one  of  the  rooms  about  2  years  previous  while  the  pillars  were  being 
drawn.  The  remaining  pillars  in  the  immediate  vicinity  had  been 
left  standing  in  order  to  support  the  strata  and  to  protect  the  well. 
By  reason  of  the  fact  that  part  of  the  coal  had  been  taken  out,  the 
part  remaining  was  not  strong  enough  to  carry  the  weight  of  the 
overlying  strata,  the  result  being  that  a  creep  had  begun  to  overrun 
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that  part'  of  the  mine.  The  continued  subsidence  of  the  strata  finally 
broke  the  casing  of  the  well,  allowing  the  gas  to  escape.  Three  men 
were  working  only  300  feet  away  and  the  gas  was  lit  by  their  open 
lights.  Inspector  Blick  considered  it  very  fortunate  that  the  gas 
was  lit  so  soon  and  so  gave  warning,  as  a  short  time  later  it  had 
spread  through  a  considerable  part  of  the  mine.  There  were  160 
men  in  the  mine  at  the  time  of  the  accident. 

As  the  mine  was  ventilated  by  means  of  a  furnace,  the  fire  was 
immediately  put  out,  so  as  to  prevent  ignition  of  the  gas  in  the 
return. 

An  investigati(»i  indicated  that  the  pump  rods,  tubing,  and  casing 
of  the  well  were  broken  near  the  coal  bed.  The  casing  had  been  bent 
considerably  out  of  line  before  being  ruptured.  The  casing  at  the 
surface  was  connected  to  a  gas  line  that  supplied  gas  for  firing  some 
boilers.  The  inspector  was  uncertain  whether  the  gas  that  entered 
the  mine  had  come  up  the  casing  from  the  gas  sands  or  had  come 
down  the  casing  frwn  the  pipe  line,  which  was  also  connected  to 
other  wells. 

BBKDIKO  OF  CASING. 

In  a  western  Pennsylvania  mine,  where  the  casing  of  an  oil  well 
passed  through  a  mine  working,  after  the  room  pillars  had  been 
pulled,  subsidence  of  the  overlying  rocks  bent  the  casing  to  such  a 
degree  that  the  rods  in  the  well  could  no  longer  be  operated.  In 
cases  of  this  kind  it  would  probably  be  impossible  to  plug  the  well 
eflFectively  on  abandonment,  so  that  the  well  would  remain  a  menace 
both  to  present  mining  and  to  future  deep  mining. 

CASING  BENT  BY  WRECKS. 

In  another  mine  near  Pittsburgh  the  casing  of  an  abandoned  well 
imperfectly  plugged  is  between  the  haulage  tracks  on  a  parting,  and 
wrecks  of  trips  have  hammered  it  to  such  an  extent  that  the  casing 
midway  between  the  bottom  and  the  roof  is  7  inches  out  of  line.  The 
inside  of  this  casing  is  plugged  with  concrete  for  50  to  60  feet  below 
the  mine  floor,  but  some  gas  and  salt  water  rise  on  the  outside  of  the 
easing  into  the  mine.  The  plugging  of  the  well  is  not  satisfactory, 
because,  although  little  or  no  gas  rises  through  the  casing  to  the 
surface,  the  gas  does  come  up  outside  the  casing.  The  well  should 
have  been  plugged  below  the  casing  and  the  casing  sealed  with  cement. 

FBOTECnON  07  EXPOSED  CASINOS. 

Several  methods  are  used  to  protect  casings  exposed  in  mine 
workings.  One  large  company  has  adopted  the  plan  of  building 
around  the  well  a  13-inch  wall  of  brick  set  in  cement  mortar. 
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Concrete  walls  have  been  built  around  many  wells  to  protect  them 
from  injury. 

If  pillars  are  to  be  withdrawn,  G.  S,  Rice,  chief  mining  engineer 
of  the  Bureau  of  Mines,  has  suggested  that  a  pack  wall  of  slate  be 
built  around  an  interior  filling  of  clay  (fig.  4).  This  wall  would 
partly  support  the  roof  and  prevent  the  severe  bending  or  rupturing 
of  the  casing  by  sudden  falls  of  great  weight. 

DAKGEB  FROM  DBILLING  OPEBATIONS. 

The  manner  of  drilling  certain  oil  wells  has  been  a  source  of 
annoyance  and  of  disagreement  between  mining  and  well-drilling 
companies.  The  drilling  has  been  so  conducted  as  to  inconvenience 
the  operation  of  the  mine  and  even  to  endanger  the  safety  of  the 
miners  and  mules. 

In  some  especially  aggravating  cases  the  well  has  been  drilled  irre- 
spective of  whether  there  were  mine  workings  bwieath  or  not. 

MULES  KILLED. 

I  have  heard  of  no  case  in  which  a  human  being  has  been  injured  as 
a  result  of  inconsiderate  well  drilling,  but  I  know  of  two  instances 
where  mules  were  killed. 

One  of  these  occurred  in  Illinois  15  or  20  years  ago  when  a  string 
of  tools  in  an  oil  well  over  a  mine  broke  through  into  an  underground 
stable  and  killed  a  mule.  More  recently  in  Pennsylvania  well-drilling 
tools  broke  into  an  entry  and  killed  a  mule. 

LEAKAGE  OF  QAS  AND  OIL  DURING  DBILLING. 

A  well  drilled  through  the  Kicc  mine  near  Bergholz,  Ohio,  some 
time  ago  gave  trouble.  The  drill  passed  through  a  room  and  the 
casing  was  driven  down  10  feet  below  the  coal.  The  hole  was  then 
drilled  to  a  depth  of  700  feet  to  the  Injun  sand,  where  oil  and  some 
gas  was. struck.  The  oil  and  gas  came  up  outside  the  casing  and, 
although  a  cement  block  had  been  built  in  the  mine  around  the  cas- 
ing, entered  the  mine  through  crevices. 

Mining  and  drilling  were  both  suspended  until  changes  could  be 
made.  A  second  string  of  casing  was  placed  in  the  well  with  rubber 
packers  above  the  oil-producing  sand  and  60  feet  below  the  mine 
floor.  Between  the  original  and  the  new  casing  liquid  cement  was 
run  from  the  packer  to  the  surface.  No  further  leaks  were  found 
in  the  mine. 

INFLOW  OF  SUBFACE  WATEB. 

Another  possible  source  of  damage  from  drilling  operations 
through  mine  workings  is  the  inflow  into  the  mine  from  the  drill 
hole  of  large  quantities  of  surface  water.    Such  a  case  occurred  in 
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an  Ohio  mine.  The  well  had  been  cased  to  a  point  below  the  coal  and 
a  concrete  block  had  been  built  around  the  casing,  but  the  flow  of 
water  could  not  be  stopped.  The  casing  was  pulled  out  and  the  hole 
filled  with  cement  to  a  point  above  the  roof.  The  casing  was  then 
lowered  into  the  liquid  cement  and  the  cement  allowed  to  set  inside 
and  outside  the  casing.  Afterwards  the  hole  was  drilled  through 
the  cement  inside  the  casing.  This  method  stopped  the  inflow  of 
surface  water. 

DRILLING  THBOUGH  ABANDONED  WOBXINGS. 

It  has  sometimes  been  diflScult  for  the  gas  or  oil  company  and  the 
coal  company  to  agree  as  to  the  safety  of  drilling  through  abandoned 
mine  workings. 

In  the  case  of  the  Monongahela  River  Consolidated  Coal  &  Coke 
Co.  against  the  Greensboro  Gas  Co.  the  coal  company  desired  that 
the  drilling  of  a  well  through  abandoned  workings  of  the  Snow  Hill 
mine  be  enjoined,  contending  that  such  a  well  would  be  a  danger  to 
the  Snow  Hill  mine  and  to  neighboring  mines  connected  with  it. 
As  the  well  passed  through  inaccessible  workings  no  protecting  bar- 
rier could  be  built  around  it,  and  consequently  it  was  liable  to  be 
injured  by  the  subsidence  of  overlying  strata  or  by  the  corrosive 
action  of  acid  mine  water  on  the  casing. 

A  temporary  injunction  was  later  dissolved  on  the  ground  that 
the  gas  company  had  a  legal  right  to  drill  the  well  through  the  coal 
stratum.  The  gas  company  was  instructed,  however,  to  fill  with 
liquid  cement  the  space  between  the  10-inch  casing  and  the  walls  of 
the  well  and  the  space  between  the  8-inch  and  10-inch  casings. 

DESIBABILITY  OF  AGBEEMENT. 

The  instances  cited  show  the  desirability  of  an  agreement  between 
a  well-drilling  company  and  a  mining  company  as  to  the  location  of 
wells  through  mine  workings,  also  the  desirability  of  an  agreed 
method  by  which  such  work  shall  be  done  so  as  to  safeguard  the  mine 
from  inflows  of  gas,  oil,  or  water  and  so  as  to  safeguard  the  wells 
from  damage  due  to  mining  operations. 

FIELDS  HAVING  MANY  WELLS. 

In  some  fields  the  wells  are  very  close  together,  being  only  100  to 
400  feet  apart,  and  in  such  territory  mining  development  is  very 
difficult. 

In  the  Canonsburg,  Pa.,  field  and  in  the  Scio,  Ohio,  field 
some  of  the  wells  are  very  close  together.  A  photograph  of  a  dis- 
trict in  Greene  County,  Pa.,  also' shows  there  are  many  wells.  Mr. 
I.  C.  White,  at  a  West  Virginia  coal  mining  institute  meeting  in 
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1910,  stated  that  similar  situations  exist  in  Wetzel  County,  W.  Va,, 
where  some  farms  had  200  to  300  wells;  about  one- fourth  of  these  had 
been  abandoned  without  being  charted. 

LOCATION  OF  WELLS  WITH  RELATION   TO  FBOJECTED  MINE 

DEVELOPMENT. 

A  plan  (j5g.  1)  showing  a  projected  mine  development  in  West 
Virginia  gives  an  illustraticm  of  the  seriousness  of  the  problem  when 
coal  pillars  must  be  left  to  protect  wells  in  the  territory  to  be  devel- 
oped. In  this  case  the  projected  underground  development  work  was 
staked  out  on  the  surface  and  the  wells  were  located  so  that  100-foot 
pillars  surrounding  them  would  not  necessitate  curving  the  entries. 
When  the  mine  development  is  actually  undertaken,  it  may  be  found 
advisable  to  increase  the  size  of  the  pillars  to  200  feet  so  that  the 
entries  will  have  to  be  driven  differently  from  the  manner  indicated. 

In  the  case  last  cited  the  drilling  company  was  willing  so  to  locate 
its  wells  as  to  inconvenience  the  coal-development  work  as  little  as 
possible.  Most  of  the  large  coal  and  gas  and  oil  companies  in  Penn- 
sylvania and  West  Virginia  have  been  willing  to  cooperate  in  this 
manner  so  that  the  development  of  either  would  inconvenience  the 
other  as  little  as  possible. 

When  a  gas  or  oil  company  desires  to  drill  a  well  in  a  certain  place 
it  furnishes  the  coal  company  with  the  proposed  location  to  determine 
whether  there  is  any  objection  on  the  part  of  the  mining  company. 
Where  wells  would  interfere  with  projected  development  work  or 
would  be  difficult  to  protect,  changes  in  location  are  made  to  meet 
these  objections. 


After  Mr.  Jones  had  read  his  paper,  on  motion,  the  conference 
adjourned  from  12  o'clock  until  1.30  o'clock  p.  m. 

The  afternoon  session  was  called  to  order  at  2  o'clock  by  Chairman 
Fohl,  who  called  for  the  next  number  on  the  program, ''  Suggestions 
for  Liegal  Regulations  of  Bore  Holes  Passing  through  Workable 
Beds  of  Coal,"  by  Messrs.  O.  P.  Hood  and  A.  G.  Heggem. 

Mr.  Hood  stated  that  before  starting  to  read  the  paper  he  wished 
the  members  to  understand  that  it  was  the  opinion  of  the  Bureau 
of  Mines  that  these  suggestions  should  be  left  in  the  hands  of  the 
members.  The  whole  object  of  the  conference,  he  said,  was  to  get 
the  help  and  suggestions  that  are  so  useful  and  are  so  much  needed  in 
every  way  by  the  bureau  in  its  endeavor  to  collect  information.  It 
was  for  the  members,  he  said,  to  discuss  this  information,  and,  to 
use  a  rough  phrase,  "  to  rip  it  up  the  back  "  if  they  saw  iBt,  and  there 
should  be  no  hesitancy  on  the  part  of  anyone  to  give  all  the  criti- 
cisms that  he  might  feel  moved  to  give. 

Mr.  Hood  then  read  the  paper. 


SXTGGESTIONS     FOR     LiEGAL.     REOtTLATION     OF     BORE 
HOIjES  passing  through  WORKABUB  beds  OF  COAIi. 


By  O.  P.  Hood  and  A.  S.  Heggem. 


In  the  following  suggestions  for  regulations  in  the  matter  of  bore 
holes  passing  through  workable  beds  of  coal  as  herein  presented,  an 
attempt  is  made  to  harmonize  as  far  as  possible  the  information 
and  advice  that  have  so  far  been  available  to  the  bureau.  Sugges- 
tions have  come  from  those  interested  in  the  safety  of  miners,  those 
interested  in  mming  operations  and  in  the  boring  of  gas  and  oil 
wells,  and  those  interested  in  geology  and  the  conservation  of  the 
coal,  gas,  oil,  and  other  mineral  resources  of  the  country.  In  the 
suggested  regulations  the  authors  have  not  attempted  to  adopt  legal 
phraseology  nor  to  offer  an  entirely  complete  set  of  rules.  The  pro- 
posed regulations  are  expected  to  form  a  basis  for  discussion  and 
further  suggestion  by  this  conference,  to  the  end  that  suitable  laws 
may  be  suggested  to  the  various  States  in  order  to  make  mining  safer 
and  to  prevent  mineral  waste. 

It  seemed  to  be  the  general  opinion  that  some  form  of  inspection 
is  necessary  in  order  to  make  operative  any  laws  to  be  enacted  that 
require  specific  methods  and  results.  It  is  therefore  suggested  that 
there  be  a  chief  inspector  of  gas  and  oil  wells;  that  he  have  suflSi- 
cient  help  of  a  permanent  and  temporary  character  to  meet  the 
exigencies  of  the  well-drilling  business;  and  that  these  officers  have 
certain  duties  prescribed. 

In  order  that  it  shall  be  possible  to  locate  accurately  a  well  that 
goes  through  a  workable  coal  bed  and  may  at  some  time  be  within 
a  mine  area,  it  seems  desirable  to  require  a  license  to  drill,  this 
license  depending  upon  the  filing  of  proper  maps  and  records.  In 
case  a  location  is  proposed  that  may  be  detrimental  to  a  coal  mine, 
either  from  the  standpoint  of  safety  to  the  miner  or  that  of  the 
economical  working  of  the  mine,  provision  is  made  for  a  conference 
between  the  three  parties  interested  in  such  location,  these  parties 
being  the  mine  owner,  the  well  owner,  and  the  miner  as  represented 
by  the  State  mine  inspector. 

The  inspector  of  gas  and  oil  wells  is  given  power  to  change  the 
proposed  location  within  reasonable  limits  to  the  end  of  insuring 
a  safe  and  equitable  condition.  It  is  also  required  that  the  inspector 
shall  keep  records  in  his  office  so  that  at  any  subsequent  time  it  will 
be  possible  for  a  mine  operator  to  locate  accurately  abandoned  wells 
and  not  have  to  proceed  in  ignorance  of  their  existence. 

33 
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In  order  that  the  wells  shall  be  properly  plugged  when  they  are 
abandoned  it  has  been  suggested  that  the  well  driller  shall  furnish 
a  bond,  which  is  to  be  returned  to  him  when  the  plugging  has  been 
properly  done.  The  inspector  is  required  to  supervise  this  plugging, 
so  that  a  record  becomes  available  of  the  method  employed  and  the 
satisfactory  accomplishment  of  the  operation. 

In  making  a  provision  that  wells  that  have  suspended  operation 
shall  be  maintained  in  a  safe  condition  by  the  well  owner,  it  is  believed 
that  formal  abandonment  rather  than  neglect  will  naturally  follow. 
.  The  suggested  regulations  cover  only  those  wells  that  are  put 
down  through  workable  coal  beds.  A  delSnition  of  "  workable  coal 
bed  "  is  so  difficult  that  it  has  not  been  attempted,  and  the  responsi- 
bility for  a  reasonable  interpretation  of  this  term  is  placed  on  the 
State  geologist  whenever  the  matter  becomes  one  of  dispute.  It  is 
believed  that  some  such  official  would  be  expected  to  interpret  this 
term  in  view  of  the  intention  of  this  act,  namely,  to  protect  the 
miner  while  working  beds  of  coal  that  may  be  used  during  the 
reasonable  life  of  any  well.  It  is  not  the  intent  to  require  special 
protection  for  a  seam  of  coal  that  is  physically  workable  and  yet 
whose  exploitation  is  probably  so  remote  as  to  make  it  more  than 
probable  that  the  well  will  have  been  abandoned  and  properly 
plugged  before  there  is  need  of  the  bed. 

The  location  of  a  bore  hole  should  be  so  accurately  determined  and 
recorded  that  the  well  can  at  any  time  be  relocated,  even  after  all 
surface  indications  have  disappeared.  For  this  purpose  it  is  neces- 
sary to  have  the  survey  made  by, competent  persons  and  to  refer  to  es- 
tablished boundaries,  which  can  be  located  only  by  reference  to  at  least 
three  monuments  or  reference  points.  It  is  also  desirable  that  there 
should  be  uniformity  in  the  matter  of  the  scale  of  the  maps  submitted. 

In  order  that  gas  may  not  be  drawn  into  the  ventilating  system 
of  any  mine,  a  minimum  distance  from  a  mine  opening  has  been 
provided,  and  a  similar  minimum  distance  to  those  buildings  that 
are  vital  to  the  safety  of  operation  of  a  mine,  so  that  in  case  of  fire 
at  either  wells  or  mine  buildings  the  risk  shall  not  be  increased. 

It  seems  evident  that  a  bore  hole  should  not  go  through  any  mine 
haulage-way  or  airway,  and  in  order  to  prevent  this  occurrence,  re- 
quirement has  been  made  that  the  well  shall  be  15  feet  from  such  mine 
haulage-way  or  airway.  If  pillars  are  considered  necessary  about 
such  a  bore  hole  it  is  believed  that  the  supporting  power  of  the 
haulage-ways  ribs  will  be  sufficient,  as  it  seems  to  be  generally  admit- 
ted that  a  coal  pillar  surrounding  a  bore-hole  casing  can  not  be  made  to 
serve  the  purpose  of  keeping  out  gas  that  may  leak  around  the  casing. 

In  requiring  casing  fi*om  surface  water,  it  is  believed  that  after  the 
casing  that  goes  through  the  coal  seam  has  been  properly  placed  and 
packed  as  required,  the  casing,  used  for  excluding  the  surface  water 
may  be  withdrawn.    The  double  casing  required  through  any  coal 
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aeam  is  deemed  necessary  in  the  event  that  k  mine  should  be  opened 
and  the  casing  possibly  exposed  to  corrosion  or  to  injury  from  the 
movement  of  ground.  In  order  that  the  ground  pressures  may  be 
applied  over  a  considerable  surface  of  the  casing,  it  is  required  that 
the  double  casing  extend  into  the  floor  a  sulTicient  distance;  that  it 
be  surrounded  with  a  clay  pack;  and  that  the  second  casing  shall  be 
brought  into  play  through  a  similar  clay  pack.    (See  figs.  8  and  9.) 


The  nse  of  clay  rather  than  cement  for  a  packing  material  was 
preferred  in  order  to  avoid  possible  cracks  through  which  corrosive 
water  mi^t  enter  if  the  outer  casing  was  penetrated,  and  also  to 
prevent  the  localizing  of  stresses  on  the  second  casing  by  a  hard 
connection  between  the  two  casings.  The  packing  material  also 
serves  to  prevent  leakage  of  gas  into  the  casing  space  even  if  the 
casings  are  deformed  by  ground  movement. 
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The  second  casing,  which  is  required  through  any  coal  seam,  may 


Perforated  pipe  G 


FlouKa  9. — PropiHwd  method  ol  protecting  exposed  caalD(. 
extend  downward  to  any  depth  beyond  that  prescribed,  but  in  th« 


LEGAL  BEOVLATION   OF  BOBK  HOLES.  37 

event  that  it  is  stopped  10  feet  below  the  first  casing,  requirement 
is  made  that  in  cementing  it  the  cement  shall  not  extend  up  to  the 
first  or  outer  casing.  The  drawing  of  the  outer  casing  when  the  well 
is  abandoned  is  thus  facilitated. 


Where  the  casings  pass  through  a  mine  excavation,  a  further  me- 
chanical protection,  embracing  a  suitable  wall  and  a  clay  pack  sur- 
rounding the  outer  casing,  is  prescribed  with  the  intent  of  preserving 
it  from  injury  and  corrosion.  (See  fig.  10.)  \Vhere  such  casting 
passes  throu^  an  inaccessible  mine  excavation,  attempt  has  been 
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made  to  provide  a  similar  protection  by  prescribing  a  cement  cover- 
ing held  within  an  outer  metal  tube  acting  as  a  form.     (See  fig.  7.) 

In  prescribing  the  arrangement  of  casings  and  casing  head,  en- 
deavor has  been  made  to  insure  a  free  vent  to  the  atmosphere  from 
a  point  in  the  well  below  any  of  the  casing  used  and  to  insure  that 
this  vent  shall  be  maintained  by  openings  that  can  not  be  readily- 
closed. 

Where  oil  is  allowed  to  rise  within  a  casing  above  the  floor  of  a 
mine,  as  may  happen  during  disuse  of  the  well,  it  may  find  its  way 
past  the  several  casing  seats  and  into  the  mine,  so  that  the  irequire- 
ment  that  the  level  of  any  such  oil  be  kept  below  the  mine  floor  seems 
necessary. 

The  abandoning  of  a  well  has  been  made  a  formal  matter,  so  that 
a  proper  record  shall  be  made  and  there  shall  be  assurance  that  the 
work  is  property  done. 

In  prescribing  a  plugging  method,  attempt  has  been  made  to  keep 
the  method  as  simple  and  as  general  as  possible.  The  method  is 
based  on  the  theory  that  although  clay  alone  maj^^  make  a  good 
stopping,  it  may  flow  and  not  be  maintained  in  its  proper  place.  Al- 
though the  cement  mortar  or  concrete  is  apt  to  be  porous,  to  deteriorate 
in  oil,  and  to  form  a  plug  of  doubtful  tightness,  it  has  the  quality  of 
staying  where  it  is  put.  To  combine  the  desired  qualities  the  proposed 
regulations  prescribe  that  there  be  a  25-foot  cement  plug  with  5  feet 
of  clay  at  each  end,  so  that  if  there  is  any  movement  of  fluids  through 
the  cement  the  clay  will  be  carried  into  small  openings  and  eventually 
close  them.  It  also  seems  desirable  that  there  be  a  hard,  solid  filling 
through  any  coal  seam,  so  that  if  the  well  hole  be  struck  by  mining 
tools  it  will  be  immediately  recognized. 

The  draft  of  the  proposed  regulations  follows. 

DRAFT   OF   PBGPOSBD   BEOULATIONS   IN   THE  HATTEB   OF   BOBE 
HOLES  PASSING  THBOUGH  WOBKABLE  BEDS  OF  COAL. 

OFFICERS. 
( 1  )    METHOD  OF  APPOINTMEWT. 

A  chief  inspector  of  gas  and  oil  wells  shall  be  appointed  by  the 
governor  from  an  eligible  list  of  men  who  have  passed  a  satisfactory 
examination  showing  their  technical  fitness  for  the  position. 

(2)    SALARY. 

The  yearly  salary  of  the  chief  inspector  of  gas  and  oil  wells  shall 

be  dollars.    Necessary  travel  expenses  to  the  amount  of 

.-: —  dollars  shall  be  borne  by  the  State,  and  an  office  equipped 

with  suitable  filing  arrangements  shall  be  provided. 
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(3)   ASSISTANTS. 

Assistant  inspectors  of  gas  and  oil  wells,  subject  to  the  authority 
of  the  chief  inspector,  may  be  appointed  by  the  governor. 

(4)   DEPUTIES. 

Competent  men  may  in  an  emergency  be  deputized  by  the  chief 
inspector  to  perform  the  duties  of  his  position  in  the  field,  but  an 
appeal  from  the  decisions  of  such  deputies  may  be  had  to  the  chief 

inspector.    Deputies  may  receive  not  over dollars  per  day  and 

actual  expenses  not  exceeding dollars  per  day. 

DUTIES. 
(5)    LOCATION  OF  BOBB  HOLES. 

It  shall  be  the  duty  of  the  inspector  to  receive  applications  for 
permission  to  drill  bore  holes  and  to  issue  a  license  to  drill  to  persons 
who  comply  with  the  law. 

The  inspector  shall  receive  and  file  maps  giving  the  location  ol 
bore  holes,  shall  determine  the  sufficiency  of  such  maps  for  the  pur- 
pose of  accurately  locating  such  bore  holes,  and  shall  cause  a  new 
survey  of  such  location  in  case  the  available  maps  are  unsatisfactory. 

It  shall  be  the  duty  of  the  inspector  or  his  assistant  to  examine 
the  maps  accompanying  applications  for  permission  to  drill  a  bore 
hole,  and  if  the  proposed  location  is  in  the  vicinity  of  a  mine  he  shall 
immediately  proceed  to  the  site  and  request  the  district  mine  inspec- 
tor and  the  coal  operator  to  state  whether  the  proposed  location  as 
indicated  on  the  map  accompanying  the  application  to  drill  is  such 
as  will  interfere  with  the  safe  and  economical  operation  of  the  mine. 

The  inspector  shall  issue  a  license  when  the  proposed  location  of 
a  bore  hole  shall  have  been  determined  to  be  such  as  will  not  inter- 
fere with  the  safe  and  economical  operation  of  any  mine  or  mines 
that  might  be  affected,  as  determined  by  the  mine  owner,  the  State 
mine  inspector,  and  himself.  To  this  end  he  shall  have  the  power  to 
move  the  proposed  location  of  a  bore  hole,  as  hereafter  specified. 

After  hearing  and  duly  weighing  the  evidence  he  shall  permit  the 
bore  hole  to  be  drilled  at  such  point  as  will,  in  his  judgment,  permit 
the  safe  and  economical  operation  of  the  mine  or  mines  affected. 

(6)    RECORDS. 

It  shall  be  the  duty  of  the  inspector  to  keep  a  complete  record  and 
to  prepare  for  publication  a  yearly  report  of  the  wells  drilled  in  his 
district,  including  their  location,  date  of  completion,  depth,  produc- 
tion, and  date  of  abandonment,  and  the  names  of  owners. 
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(7)  ST7PEBVISI0N. 

It  shall  be  the  duty  of  the  inspector  to  examine  each  well  in  his 
district  at  frequent  intervals,  giving  special  attention  to  all  wells 
containing  gas  in  such  quantity  as,  in  case  of  leakage,  to  make 
them  a  menace  to  a  mine;  the  inspector  shall  see  that  all  the  provi- 
sions of  this  act  are  observed  and  strictly  carried  out. 

(8)  COMPLAINTS. 

The  inspector  shall  receive  and  investigate  all  complaints  as  to 
injury,  present  or  impending,  due  to  a  lack  of  precaution  on  the  part 
of  any  well  owner  or  mine  operator,  and  if  he  finds  the  complaints 
against  the  mine  owner  to  be  well  founded,  he  shall  lay  the  facts 
before  the  State  mine  inspector. 

(9)    PLUGGING  WELLS. 

Upon  receiving  notice  of  an  owner's  intention  to  abandon  a  well 
the  inspector  or  his  assistant  shall  proceed  to  such  well  and  satisfy 
himself  that  the  provisions  of  this  act  referring  to  plugging  wells 
are  complied  with.  He  shall  join  the  owner  in  making  affidavit  to 
the  manner  in  which  the  well  has  been  plugged. 

(10)    VIOLATIONS. 

If  the  inspector  discovers  any  well  being  drilled,  operated,  or 
plugged  contrary  to  the  requirements  of  this  act  he  shall  order  the 
workmen  engaged  upon  sucli  well  to  cease  work  at  once  and  shall  not 
permit  the  work  to  be  resumed  until  he  is  satisfied  that  the  law  is 
complied  with. 

(11)    ENFORCEMENT  OF  LAWS. 

To  enable  the  inspector  to  perform  the  duties  imposed  upon  him 
by  this  act,  he  shall  have  the  right  at  all  times  to  approach  and 
examine  any  well  in  his  district,  and,  with  the  authority  of  the  State 
mine  inspector,  to  enter  any  mine  affected,  and  upon  the  discovery 
of  any  violation  of  this  article  or  upon  being  informed  of  such  vio- 
lation, he  shall  institute  proceedings  against  the  person  or  persons  at 
fault,  under  the  provisions  of  the  law  provided  for  such  cases. 

In  case  of  failure  of  the  owner  to  properly  plug  an  abandoned 
well,  it  shall  be  the  duty  of  the  inspector  to  have  the  work  properly 
performed  by  contract  and  to  assess  the  cost  against  the  well  owner. 

(12)    PENALTIES. 

There  shall  be  adequate  penalties  provided  to  aid  in  obtaining 
the  safer  conditions  here  proposed. 
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LOCATION  OF  BOKB  HOLES. 
(13)    APPLICATION. 

Any  person  (firm  or  corporation)  purposing  to  drill  a  bore  hole 
through  a  workable  seam  of  coal  shall  make  application  in  writing 
to  the  chief  inspector  of  gas  and  oil  wells  for  permission  to  drill 
such  hole,  and  he  shall  not  commence  drilling  until  such  permission 
in  writing  shall  have  been  received  by  him.  In  case  of  dispute  the 
State  geologist  shall  detemline  whether  a  seam  of  coal  is  workable 
within  the  intent  of  this  act. 

(14)    SURVEY  AND  MAPS. 

Accompanying  the  application  for  permission  to  drill  such  bore 
hole  there  shall  be  submitted  a  map,  showing  the  location  of  the 
proposed  bore  hole,  with  reference  by  course  and  distance  to  the 
boundaries. 

Said  map  must  be  made  on  a  scale  of  200  feet  to  1  inch,  and  shall 
be  based  on  surveys  made  by  surveyors  or  engineers  of  recognized 
standing,  and  shall  be  certified  to  by  the  surveyor  or  engineer  mak- 
ing the  same. 

In  case  the  inspector  finds  the  map  insufficient  to  enable  him 
accurately  and  completely  to  locate  the  proposed  well,  he  shall  require 
that  another  survey  and  map  be  made  before  permission  to  drill 
shall  be  granted. 

If  the  original  map  is  subsequently  found  to  be  adequate  the  cost 
of  the  second  survey  and  map  shall  be  borne  by  the  State. 

(15)    BOND. 

Any  person  (firm  or  corporation)  purposing  to  drill  a  bore  hole 
through  any  workable  seam  of  coal  shall  be  required  to  give  bond 

in  the  amount  of dollars,  to  insure  that  the  drilling  and 

abandoning  of  such  bore  hole  shall  be  in  accordance  with  the  pro- 
visions of  this  act. 

(16)    DISTANCE  FROM  BUIDINGS,  ETC. 

No  bore  hole  penetrating  a  gas-bearing  or  oil-bearing  formation 
shall  be  located  within  300  feet  of  a  shaft  or  entrance  to  a  coal  mine 
not  definitely  abandoned  or  sealed ;  nor  shall  such  bore  hole  be  located 
within  100  feet  of  any  mine  shaft  house,  boiler  house  or  engine 
house,  or  mine  fan.  The  proposed  location  of  any  bore  hole  must 
insure  that  when  drilled  it  will  be  at  least  15  feet  from  any  mine 
haulage  way  or  airway. 
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(17)    LICENSE. 

If  a  proposed  bore  hole  be  so  located  as  not  to  interfere  with  the 
safe  and  economical  operation  of  any  mine,  and  if  the  previous 
requirements  of  this  act  be  complied  with,  a  license  shall  be  granted, 
and  said  person  (firm  or  corporation)  may  proceed  to  drill  such  bore 
hole  in  accordance  with  the  further  provisions  of  this  act 

PROTECTION  OF  COAL  BEDS. 

(18)    CASINO  OFF  SURFACE  WATER. 

Any  bore  hole  penetrating  any  workable  seam  of  coal  shall  be 
cased  by  the  owner  of  the  bore  hole  with  a  suitable  casing  (conductcw 
or  drive  pipe) ,  so  as  to  shut  off  all  surface  water  from  entering  the 
coal  seam. 

(10)    CASINO  THROUGH   ANT  COAL   SEAM. 

Any  bore  hole  drilled  for  gas,  oil,  or  other  mineral  shall  be  drilled 
to  a  point  at  least  20  feet  below  any  workable  seam  of  coal  that  may 
be  penetrated,  and  receive  a  metal  casing  not  less  than  one-fourth  of 
an  inch  in  thickness  and  of  an  inside  diameter  4  inches  less  than  the 
diameter  of  the  bore  hole.  This  casing  shall  be  concentrically  seated 
on  the  bottom  of  the  hole,  shall  extend  to  the  surface,  and  shall  be 
known  as  the  first  casing. 

A  second  inner  casing,  4  inches  less  in  diameter,  shall  extend  at 
least  10  feet  below  the  first  casing  and  shall  be  seated  in  9  feet  of 
cement  mortar  composed  of  1  part  Portland  cement  and  2  parts  sand. 
The  inside  of  the  second  casing  shall  be  open  to  the  atmosphere  its 
full  length. 

The  intervening  spaces  between  the  second  and  the  first  casings 
and  between  the  first  casing  and  the  bore  hole  or  outer  wall  shall  be 
filled  with  puddled  clay  to  a  height  of  30  feet  above  the  coal  seam. 

(20)    CASINO    THROUGH    ACCESSIBLE    MINE    EXCAVATION. 

Any  casing  that  passes  through  a  mine  excavation  shall  be  pro- 
tected by  a  wall  of  concrete  or  of  masonry  or  brick  laid  in  cement 
mortar,  extending  from  2  feet  below  the  mine  floor  to  the  mine  roof. 
Between  the  first  casing  and  the  wall  thus  constructed  there  shall  be 
left  an  annular  space  of  not  less  than  2  inches,  which  must  be  filled 
with  puddled  clay.    This  work  shall  be  done  by  the  well  owner. 

Casings  that  are  exposed  by  mining  operations  shall  be  covered  by 
the  mine  operator  in  the  manner  prescribed  above, 

(21)    CASINO  THROUGH  INACCESSIBLE   MINE  EXCAVATION. 

Where  a  bore  hole  passes  through  an  inaccessible  mine  excavation 
the  outer  casing  shall  be  protected  by  cement  mortar  held  within  a 
metal  tube  with  a  diameter  4  inches  greater  than  the  diameter  of 


LEGAL  BEQULATION   OF  BOBE   HOLES.  43 

the  casing  and  extending  from  4  feet  below  the  mine  floor  to  4  feet 
above  the  mine  roof  or  cave. 

(22)    CASINO  TO  EXCLUDE   WATER. 

Before  a  bore  hole  is  drilled  into  a  gas-burning  or  oil-bearing  forma- 
tion a  string  of  casing  shall  be  so  set  as  to  exclude  all  water  from  the 
lower  bore  hole. 

(23)  TUBING   A   GAS   WELL. 

To  conduct  gas  from  a  gas  well,  tubing  shall  be  inserted  with  a 
suitable  packer  placed  below  the  inner  casing  and  so  constructed 
as  to  prevent  the  escape  of  gas  except  through  the  tubing. 

The  inner  casing  shall  be  left  open  to  the  atmosphere  throughout 
its  full  length. 

(24)  TUBING  AN  OIL  WELL. 

To  conduct  oil  from  an  oil  well,  tubing  shall  be  inserted  and  ex- 
tend from  the  oil-bearing  formation  to  the  top  of  the  well. 

The  inner  casing  shall  be  left  open  to  the  atmosphere  throughout 
its  full  length. 

Should  gas  be  liberated  in  the  well  in  sufficient  volume  to  have 
commercial  value  it  may  be  shut  in  by  means  of  a  packer  placed 
below  the  inner  casing  and  may  be  conducted  from  the  well  through 
tubing  inserted  into  the  well  parallel  to  the  oil  tubing.    (See  fig.  11 ) 

(26)    CASING   HEADS. 

Casing  heads  must  have  at  least  one  opening  to  the  atmosphere  to 
which  a  valve  or  plug  is  not  attached,  so  as  to  insure  ample  vent  in 
case  of  leakage  into  casing  spaces. 

(26)  COMPLETION  OF   WELL. 

When  a  bore  hole  has  been  drilled  and  put  into  operation  the  owner 
shall  file  with  the  inspector  a  statement  of  the  total  depth  of  the 
hole,  the  sizes  and  lengths  of  casing  used  and  remaining  in  the  hole, 
the  depth  and  thickness  of  all  coal  seams  penetrated,  and  whether 
oil,  gas,  or  water  is  obtained. 

(27)  SUSPENDED  OPERATION. 

When  for  any  cause  a  bore  hole  that  passes  through  a  workable 
seam  of  coal  shall  cease  temporarily  to  be  operated,  the  inner  string 
of  casing  shall  be  maintained  open  to  the  atmosphere.  Should  oil 
tend  to  rise  in  the  well  above  the  bottom  of  the  first  or  outermost 
casing  passing  through  the  workable  coal  seam,  such  oil  shall  be 
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pumped  out  by  the  owner,  and  its  level  maintained  below  the  bottom 
of  such  outermost  casing. 


T[ji[j>~s:'.r»''° 
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FlSDKB  II. — Smtlon  of  oil  wpII  RhowlDg  tublnn  [or  giH. 
ABANDONMENT  OF  WELL. 


When  any  oil  or  gas  well  is  to  b^  abandoned  the  owner  shall  notify 
(he  chief  inspector  in  writing  of  such  intent  to  abandon,  and  shall 
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proceed  with  plugging  methods  only  after  complete  arrangements 
for  inspection  shall  have  been  made  and  permission  granted. 

(29)    METHOD  OP  PLUGGING.** 

When  a  well  is  to  be  abandoned  it  must  be  entirely  filled  from 
the  bottom  to  the  surface.  The  lower  hole  must  first  be  filled  with 
sand,  clay,  or  rock  sediment  to  a  point  5  feet  above  the  lowest  gas 
bearing  or  oil  bearing  formation.  Above  each  formation  supplying 
gas,  oil,  or  water,  and  immediately  below  any  workable  seam  of 
coal,  there  shall  be  a  plug  as  hereafter  described,  and  each  well  shall 
have  not  less  than  three  such  plugs  whatever  the  formation. 

The  plug  above  mentioned  shall  consist  of  25  feet  of  cement  mortar 
made  of  one  part  Portland  cement  and  two  parts  sand  properly 
mixed,  and  placed  with  a  bottom-dump  bailer  upon  5  feet  of  clay 
resting  on  a  seasoned  wood  plug  2  feet  long  and  of  the  same  diam- 
eter as  the  hole.  Five  feet  of  clay  shall  also  be  placed  on  top  of  the 
cement  section.  The  space  between  the  plugs  here  called  for  must  be 
filled  solidly  with  puddled  clay,  sand,  or  rock  sediment,  or  with 
cement,  mortar,  or  concrete.  The  filling  shall  be  complete  up  to  the 
bottom  of  a  casing  before  such  casing  can  be  drawn ;  the  filling  shall 
continue  length  by  length  as  the  casing  is  withdrawn,  cement,  mortar, 
or  concrete  being  used  in  those  sections  of  the  well  hole  that  pass 
through  coal  seams. 

(30)    LOG  OF  METHOD  OF  PLUGGING. 

When  a  bore  hole  has  been  plugged,  an  affidavit  in  reference  thereto 
shall  be  made  by  the  well  owner,  who  shall  state  the  method  followed, 
the  materials  used,  and  the  length  of  the  sections  occupied  by  each 
material.  The  affidavit  shall  be  certified  by  and  filed  with  the  gas 
and  oil  well  inspector.  A  duplicate  of  the  affidavit  shall  be  filed 
with  the  county  recorder  by  the  gas  and  oil  well  inspector. 

(81)    RELEASE  OF  BOND. 

After  and  not  until  these  several  requirements  have  been  met,  any 
bond  that  may  have  been  given  by  the  owner  shall  be  returned. 

(82)    FEES.  » 

(The  question  of  whether  fees  shall  be  charged  for  license  and  in- 
spection is  left  for  further  consideration.) 

DISCUSSION. 

Chairman  Fohu  Gentlemen,  the  subject  is  now  before  you  in  its 
entirety.    We  have  had  a  general  statement  of  the  problem,  coupled 

•  See  F\g.  7. 
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with  suggestions  from  Mr.  Bice,  an  account  of  some  of  the  troubles 
that  have  been  encountered  in  mining  coal  in  the  vicinity  of  oil  and 
gas  wells  by  Mr.  Jones,  and  finally  the  suggestions  for  laws  and 
regulations  by  Mr.  Hood  and  Mr.  Heggem.  In  a  way  the  papers 
form  a  comprehensive  treatise  on  this  subject  by  the  Bureau  of 
Mines,  but  I  think  they  have  made  it  very  clear  to  us  that  they  claim' 
no  finality  for  the  views  expressed  here  nor  for  the  suggestions  as 
to  legislatioii.  The  subject  is  now  before  you  for  discussion,  and  I 
hope  that  you  will  all  assist  in  every  possible  way,  whether  with 
criticism  or  with  suggestion  bearing  on  the  various  points  brought 
out.    The  meeting  is  now  open  to  you. 

Mr.  Db  Wolf.  I  would  suggest  that  we  turn  these  pages  slowly, 
perhaps  numbering  the  paragraphs  as  we  go  along,  and  call  for 
criticisms  of  the  particular  pages  as  we  turn  them. 

Chairman  Fohl.  I  think  possibly  we  might  advance  matters  a 
little  by  asking  Mr.  Hood  to  read  slowly  the  suggestions,  and  then 
stop  for  suggestions,  criticisms,  or  questions. 

Mr.  Hood  thereupon  began  rereading  the  suggestions  for  laws  and 
regulations  in  the  matter  of  bore  holes  passing  through  workable 
seams  of  coal  included  in  his  paper. 

OFFICERS. 
1.   METHOD  OF  APPOINTMENT. 

A  chief  inspector  of  gas  and  oil  wells  shall  be  appointed  by  the  governor 
from  an  eligible  list  of  men  who  have  passed  a  satisfactory  examination  show- 
ing their  technical  fitness  for  the  position. 

2.   SALABT. 

The  yearly  salary  of  the  chief  inspector  of  gas  and  oil  wells  shall  be 

dollars.    Necessary  travel  expenses  to  the  amount  of shall  be  borne  by 

the  State,  and  an  oflfice  equipped  with  suitable  filing  arrangements  shall  be 
provided. 

Chairman  Fohl.  The  first  thing  we  have  for  consideration  is  the 
method  of  appointing  gas  and  oil  inspectors.  Are  there  any  remarks 
on  this  ? 

Mr.  HicE.  It  seems  to  me  this  is  a  matter  that  would  vary  in  the 
different  States  very  materially.  The  disposition,  in  some  States  at 
least,  is  to  reduce  the  number  of  departments.  This  suggestion  here 
would  practically  be  making  a  new  department  similar  to  our  pres- 
ent mine-inspection  department,  and  in  some  of  the  States  possibly 
there  would  be  no  necessity  for  that;  in  other  States  there  might  be. 
In  a  State  like  this,  where  we  have,  for  instance  in  1911,  a  record 
of  over  3,000  wells  being  drilled  and  over  2,000  being  abandoned — 
and  how  many  were  drilled  and  abandoned  of  which  we  have  no 
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record  is  mere  guesswork — it  would  require  the  appointment  of  a 
number  of  men,  and  would  perhaps  justify  a  separate  department,  as 
is  suggested  here ;  but  probably  in  most  of  the  States  this  would  go 
under  some  of  the  present  organizations. 

Chairman  Fohl.  I  think  we  might  ask  Mr.  Hood  to  give  his  ideas 
on  this  point. 

Mr.  Hood.  Under  the  wording  I  believe  it  would  be  entirely  pos- 
sible for  anyone  who  had  satisfactory  qualifications,  such  as  the 
geologists  or  the  State  mine  inspectors,  to  be  appointed  by  the  gov- 
ernor in  whatever  way  thought  desirable. 

Mr.  Db  Wolf.  It  strikes  me  that  this  is  a  perfectly  logical  scheme 
for  getting  at  it.  As  Mr.  Hioe  has  said,  the  conditions  will  vary 
markedly  in  all  the  States.  In  some  States,  like  our  own,  there  will 
be  a  civil-service  board,  which  will  probably  have  the  responsibility 
for  examining  and  preparing  an  eligible  list.  This  is  a  broad-gage 
gi-oup  of  men  at  present  in  my  State  (Illinois),  and  it  would  doubt- 
less ask  for  expert  advice  in  holding  examinations  and  seeing  that 
the  men  were  qualified.  With  reference  to  the  need  for.  a  separate 
group  of  men,  or  a  separate  inspector  in  my  own  State,  I  think  that 
would  be  desirable,  because  the  coal-mine  inspectors  there  are  con- 
cerned only  with  the  counties  that  produce  coal  at  present.  We 
have  a  number  of  counties  that  do  not  produce  coal  yet,  but  will  in 
the  near  future,  and  in  which  at  present  oil  and  gas  development  is 
at  its  maximum.  So  I  think  it  ought  to  be  some  one's  function  to 
attend  to  the  matter  in  such  counties.  He  might  well  be  a  sub- 
ordinate under  the  present  State  mining  board,  he  might  be  a  sub- 
ordinate under  the  State  geological  survey,  or  he  might  be  an 
independent  official;  however,  he  should  have  an  acquaintance  with 
both  mining  and  oil  and  gas  well  operations,  and  with  the  geologic 
aspect  of  his  work.  In  other  words,  I  think  this  is  a  good  scheme 
on  which  any  State  might  build  up  a  satisfactory  law. 

Mr.  Hood  thereupon  read  the  sections  relating  to  assistants  and 
deputies : 

3.    ASSISTANTS. 

Assistant  ln8i)eotor8  of  gas  and  oil  wells,  subject  to  the  authority  of  the 
chief  inspector,  may  be  appointed  by  the  governor. 

4.   DEPUTIES. 

Conii>etent  men  may  in  an  emergency  be  deputized  by  the  chief  inspector 
to  perform  the  duties  of  his  position  in  the  field,  but  an  appeal  from  the  deci- 
sions of  such  deputies  may  be  had  to  the  chief  inspector.    Deputies  may  receive 

not  over  dollars  per  day  and  actual  expenses  not  exceeding  

dollars  per  day. 

78876*— BuU.  65—13 i 
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Mr.  CuMMiNGS.  I  would  like  to  inquire  who  will  examine  these 
gentlemen  and  decide  whether  they  have  passed  a  satisfactory 
examination. 

Mr.  Hood.  Each  and  every  State  will  have  its  own  way  for  that. 
As  Mr.  De  Wolf  has  said,  Illinois  has  machinery  for  that  at  pres- 
ent. Pennsylvania,  I  think,  has  some  sort  of  machinery  for  mine 
inspectors,  and  might  have  similar  machinery  for  this.  It  is  not 
intended  to  make  any  detailed  suggestion  along  that  line. 

Chairman  Fohl.  It  may  be  entirely  possible  that  some  suggestion 
of  that  sort  would  not  be  out  of  place.  With  that  in  mind,  I  think 
I  shall  ask  Mr.  Schluederberg  to  tell  us  what  the  machinery  of  Penn- 
sylvania is  for  the  examination  of  inspectors. 

Mr.  Schluederberg.  I  do  not  know  but  that  the  department  of 
mines  would  be  well  enough  organized  and  thoroughly  competent  to 
take  care  of  gas  and  oil  inspection  in  Pennsylvania.  There  is  no 
special  attention  given  to  it  now  by  the  inspection  department.  All 
inspectors  of  the  different  districts,  of  course,  to  some  extent  look 
after  wells  sunk  through  mines  and  see  to  the  safety  of  miners,  but 
they  do  not  now  have  any  authority  to  supervise  the  drilling  or  aban- 
donment of  wells.  But  as  far  as  I  can  see,  I  think  that  such  matters 
could  be  handled  by  the  department  of  mines  of  the  State  of  Penn- 
sylvania. 

Mr.  Taylor.  It  appears  to  me  that  in  my  own  State  (Pennsyl- 
vania) it  would  be  better  if  it  were  under  the  geological  survey 
department. 

Chairman  Fohl.  Do  you  mean  the  Federal  bureau  ? 

Mr^  Taylor.  No;  the  Pennsylvania  geological  survey.  It  ap- 
pears to  me  that  a  part  of  the  survey's  duties  ought  to  be  the  exact 
location  of  these  wells,  with  reference  to  property  comers  or  to 
monuments,  and  such  work  requires  a  different  class  of  men,  and  I 
think  probably  a  different  class  of  examiners  to  examine  the  men; 
and  it  would  be  better  to  have  this  done  under  the  State  geological 
survey.  I  am  not  sure  whether  the  survey  now  has  any  way  of 
examining  applicants  for  positions  or  not,  but  they  could  easily  be 
provided  for. 

Chairman  Fohl.  We  have  representatives  from  other  States  here, 
and  we  would  like  to  hear  from  them. 

Mr.  Crocker.  At  the  present  time  in  West  Virginia  we  are  using 
the  United  States  Geological  Survey  monimients  as  a  basis  to  work 
from.  We  must  have  something  permanent,  and  we  are  using  them 
and  making  all  our  locations  from  them. 

In  regard  to  the  inspectors,  in  that  State  at  the  end  of  the  year 
there  were  700  wells  drilling  and  probably  at  the  same  time  100  or 
200  more  in  operation  and  abandonment,  so  the  matter  of  inspectors 
and  deputies  is  going  to  be  a  pretty  large  problem,  because — ^imless 
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several  wells  happen  to  be  pretty  close  together — ^they  can  not  visit 
any  large  number  of  wells  and  do  their  work  properly. 

Mr.  Taylor.  I  might  state  that  in  Pennsylvania  we  do  the  same 
thing.  We  locate  wells  on  our  property  from  the  Government  sur- 
vey monuments,  and  all  the  locations  are  coordinated  with  reference 
to  the  values  that  we  have  fixed  for  the  Government  monuments. 

Mr.  Kajaj.  I  think  the  objection  to  the  United  States  Government 
monuments  is  that  they  are  too  far  away.  The  surveying  done  by 
the  oil  companies  is  not,  I  think,  as  accurate  as  that  done  by  the 
coal  companies.  In  the  coal  business  at  one  time  we  had  some  very 
poor  sur\'eying.  To-day  our  surveys  are  reasonably  accurate.  The 
coal  companies  are  putting  in  their  own  monuments  for  their  cor- 
ners, and  by  using  such  monuments  as  these  which  are  only  a  short 
distance  .from  the  points  of  surveying,  or  by  using  some  other  monu- 
ments, possibly  of  a  specific  ^kind,  we  would  work  out  the  inac- 
curacies of  extensive  surveys.  To  take  the  United  States  Geological 
Survey  points  would  be  a  mistake,  because  it  would  involve  extended 
surveys  that  might  be  extremely  inaccurate.  The  average  local  sur- 
veyor, such  as  works  at  oil  and  gas  well  locations,  is  a  man  who  has 
marvelous  ideas  both  of  surveying  and  of  geology.  Altogether  he 
is  possibly  as  little  competent  as  any  man  we  could  imagine  to  do 
that  character  of  work,  and  the  shorter  the  distance  away  from  the 
point  he  is  surveying  that  he  has  to  go  for  his  monuments  the  more 
likely  we  are  to  get  accurate  results. 

Mr.  Layton.  Then,  if  there  is  a  company  operating  in  any  county, 
the  State  geologist  could  immediately  go  to  that  district,  and  we 
might  be  able  to  get  some  monuments  that  would  be  permanent.  As 
to  the  question  of  accuracy,  I  would  take  exception  to  the  gentlemen, 
for  the  simple  reason  that  in  the  last  few  years  the  location  of  an 
oil  or  gas  well  is  accurately  made  from  actual  surveys.  There  was  a 
time  when  no  attention  was  paid  to  that,  but  all  the  larger  com- 
panies to-day  have  ac^curate  locations  of  all  wells. 

Mr.  CoRRiN.  I  believe  Mr.  Moore,  of  the  Consolidation  Coal  Co. 
(West  Virginia),  could  tell  us  how  its  work  is  done  and  the  ac- 
curacy of  the  locations. 

Chairman  Fohl.  Would  it  not  be  better  to  confine  ourselves  to 
the  question  first  raised  here,  as  we  come  to  the  matter  of  locations 
later?  We  are  now  considering  the  methods  of  appointment  and 
the  character  of  the  people  who  are  to  be  the  inspectors.  Are  there 
any  further  suggestions  in  that  connection  ? 

Mr.  HiCB.  The  question  tljat  is  brought  up  here  reaches  possibly  a 
little  further  than  that.  It  is  altogether  probable  that  any  act  relat- 
ing to  plugging  oil  and  gas  wells  under  inspection  will  have  to  be 
broad  enough  to  cover  all  wells  drilled,  regardless  of  whether  they 
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are  in  coal-bearing  sections  of  a  State  or  not.  Therefore  the  matter 
of  the  qualification  of  the  inspector  is  important;  he  will  have  to 
have  considerable  knowledge  of  the  oil  and  gas  fields,  of  the  different 
sands,  and,  in  addition,  the  relations  which  they  have  to  the  coal 
seams  and  to  the  structure.  Notwithstanding  the  title  simply 
refers  to  oil  and  gas  sands  and  coal-bearing  portions  of  the  State,  it 
is  very  questionable  if  an  act  of  that  kind  will  be  passed.  In  get- 
ting in  our  report  of  production,  I  have  been  surprised  in  the  last 
month  or  six  weeks  to  receive  as  many  complaints  as  I  have  frmn  oil 
producers,  who  say  that  their  neighbors  will  not  plug  their  wells. 
It  is  not  the  first  time  I  have  noticed  it,  but  during  this  week  we 
have  had  a  number  of  complaints  of  that  kind. 

Mr.  Waiters.  I  think  the  matter  of  the  location  and  the  parties 
who  do  the  locating  and  the  matter  of  inspection  might  well  be  taken 
together,  for  the  reason  that  as  a  matter  of  economy  to  the  State  it 
might  be  possible  that  the  same  individual  can  perform  the  same 
work,  but  it  occurred  to  me  while  we  were  discussing  this  that  we 
may  be  conflicting  with  the  already  existing  1911  bituminous  mining 
laws,  inasmuch  as  there  is  a  j)rovision  in  them  for  the  locating  of  oil 
and  gas  wells  by  the  producing  companies.  It  is  information  I  am 
after,  that  is  all. 

Mr.  Hall.  The  main  object  of  these  remarks  by  Mr.  Hood,  as  he 
has  definitely  stated,  is  that  there  should  be  some  arrangement  by 
which  inspectors  may  be  examined.  He  has  omitted  to  say  anything 
about  how  the  assistants  should  be  examined^  and  bow  the  deputies 
should  be  examined.  Of  course  that  could  be  provided  out  of  the 
machinery  which  is  already  provided  by  the  State,  in  a  general  way, 
for  examination,  but  in  making  that  distinction  it  more  or  less  seems 
to  help  the  overlooking  of  that  part,  and  if  that  paragraph  could  be 
reworded  so  that  the  statement  might  be  made  that  the  State  govern- 
ment should  choose,  or  at  least  that  those  departments  should  be 
chosen,  from  an  eligible  list  of  men  who  have  passed  satisfactory 
examinations  and  shown  technical  fitness  not  only  for  the  position 
of  chief  inspector  but  of  all  inspectors,  it  might  meet  my  objections. 
I  think  that  this  is  simply  an  oversight  in  making  up  the  paper. 

Chairman  Fohl.  I  notice  it  is  well  understood  that  the  various 
State  legislatures  will  have  the  last  word  on  this,  and  I  think  we 
scarcely  have  arrived  at  the  point  yet  at  rewording  this  paragraph. 
If  that  seems  necessary  a  little  later,  it  would  be  a  matter  for  a  com- 
mittee, but  I  should  think  we  should  go  just  as  far  as  possible  in  the 
matter  of  suggestions,  to  give  such  a  committee  such  suggestions  as 
Mr.  Hall  has  just  made,  and  if  there  are  any  further  suggestions 
along  this  line  we  will  be  glad  to  hear  from  them. 

Mr.  EiCB.  That  is  really  the  object  of  presenting  merely  a  skeleton 
set  of  rules  and  regulations.    We  found  that  there  was  such  a  com- 
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plexity  of  matters  that  we  could  not  hope  to  make  more  than  a  gen- 
eral outline.  It  was  thought  that  a  committee  which  might  be  organ- 
ized by  this  body  could  gather  together  such  suggestions  as  have 
been  made  and  might  then  be  able  to  put  them  into  shape.  One  could 
go  into  almost  endless  detail  in  the  attempt  to  provide  just  how  the 
several  service  bureaus,  for  example,  should  examine  deputies  and 
others.  The  outUne  was  merely  intended  to  be  suggestive.  It  was 
not  intended  in  any  sense  to  be  a  final  draft.  We  thought  the  com- 
mittee would  be  much  better  qualified  to  make  such  a  draft. 

Qiairman  Fohl.  At  the  same  time,  there  is  no  intention  to  make 
you  feel  that  you  are  hurried.  Any  further  suggestion  will  be  wel- 
come. If  it  gets  to  the  committee  stage  such  work  as  this  will  be  very 
helpful  to  that  committee.  If  there  are  no  further  suggestions  in 
connection  with  the  personnel  of  the  inspectors  we  may  proceed  to 
the  matter  of  the  duties  of  the  inspectors. 

DUTIES  OF  OFFICERS. 

Mr.  Hood  thereupon  read  the  next  section,  as  follows : 

6.   LOCATION  OF  BOBE  HOLES. 

« 

It  shall  be  the  duty  of  the  Inspector  to  receive  applications  for  permission  to 
diHl  bore  holes  and  to  issue  a  license  to  drill  to  persons  who  comply  with  the 
law. 

The  iiuipector  shall  receive  and  file  maps  giving  the  location  of  bore  holes; 
shall  determine  the  sufficiency  of  such  maps  for  the  purpose  of  accurately  locat- 
ing such  bore  holes;  and  shall  cause  a  new  survey  of  such  location  in  case  the 
available  maps  are  unsatisfactory. 

It  shall  be  the  duty  of  the  inspector  or  his  assistant  to  examine  the  maps 
aecompanylng  applications  for  permission  to  drill  bore  holes,  and  if  the  proposed 
location  is  in  the  vicinity  of  a  mine  he  shall  immediately  proceed  to  the  site 
and  feqnest  the  district  mine  inspector  and  the  coal  operator  to  state  whether 
the  location  on  the  map  accompanying  the  application  to  drill  is  such  as  will 
int^^ere  with  the  safe  and  economical  operation  of  the  mine. 

The  inspector  shall  issue  a  license  when  the  proposed  location  of  a  bore  hole 
flhall  be  snch  as  not  to  interfere  with  the  safe  and  economical  operation  of  any 
mine  or  mines  that  might  be  determined  by  the  mine  owner,  the  State  mine  in- 
spector, and  himself.^^  To  this  end  he  shall  have  the  power  to  move  the  location 
of  a  proposed  hole,  as  hereafter  specified. 

After  hearing  and  duly  weighing  the  evidence  he  shall  permit  the  bore  hole 
to  be  drilled  at  such  point  as  will  in  his  Judgment  permit  the  safe  and  econom- 
ical operation  of  the  mine  or  mines  affected. 

Mr.  De  Wolf.  It  is  doubtless  true  that  some  oil  and  gas  operators 
at  certain  times  want  to  proceed  with  all  possible  speed  in  starting 
their  operation.  I  am  wondering  whether  the  requirement  that  the 
chief  inspector  shall  proceed  to  the  spot  and  notify  the  district  mine 

•  The  authors  of  this  paragraph  agreed  that  this  should  have  read  '*  as  determined  by 
gas  and  oil  well  inspector  after  due  hearing  of  evidence  offered  by  the  mine  operator 
the  mine  inspector,  as  well  as  by  the  drilling  applicant.     (See  discussion  following.) 
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inspector,  the  coal  inspector,  etc.,  does  not  need  attention  in  that 
regard.  Now,  in  most  States,  if  conditions  are  anything  like  those 
in  Illinois,  it  will  take  some  time  to  get  the  district  mine  inspector 
on  the  ground.  He  has  other  duties^  and  unless  these  duties  are  con- 
siderably reduced  from  what  they  now  are,  it  will  be  a  matter  of 
some  days  before  he  can  be  present  at  the  spot  where  it  is  proposed 
to  drill  the  well.  I  am  wondering  whether  the  gentleman  would 
think  it  altogether  necessary  for  that  district  mine  inspector  to  be 
present,  or  whether  the  oil  inspector,  together  with  the  representative 
of  the  coal  operator  and  of  the  oil  company  at  the  place,  could  pass 
on  this  question  as  to  whether  the  location  was  a  safe  one. 

Mr.  EiCE.  We  thought  that  the  parties  interested  should  be  noti- 
fied. If  the  case  is  an  important  one,  then  they  would  be  present, 
but  if  they  are  not  present,  then  the  gas  and  oil  well  inspector  could 
at  once  proceed  and  either  approve  the  location  of  the  hole  or  disap- 
prove of  it,  as  the  case  might  be.  The  thought  was  that  there  are 
three  parties  in  interest — the  operator  of  the  well,  the  coal-mine  op- 
erator, and  the  miner  as  represented,  with  respect  to  safety,  by  thQ 
mine  inspector.  If  it  is  a  case  which. appears  at  all  dangerous,  it  will 
certainly  be  the  duty  of  the  inspector  to  be  present  If  he  is  not 
present,  it  will  be  understood  that  it  is  a  case  in  which  he  feels  there 
is  no  particular  danger.  The  same  will  be  true  as  far  as  the  coal 
operator  is  concerned,  perhaps.  If  he  does  not  choose  to  be  present, 
it  will  be  presumed  that  the  location  of  the  hole  of  which  he  has  re- 
ceived notice  is  satisfactory  to  him. 

Mr.  Leland.  That  is  the  idea,  and  that  should  be  stated  very 
clearly  in  the  statement  of  the  duties.  The  next  paragraph  states 
that  the  State  mine  inspector  and  the  State  oil  inspector  must  agree. 
It  makes  it  mandatory  in  this  case.  Is  it  the  idea  that  if  one  does 
not  come  the  others  can  go  ahead  ?    If  so,  we  should  say  so  plainly. 

Mr.  Rice.  It  is  true  that  there  is  an  apparent  conflict;  this  came 
about  because  after  assembling  our  ideas  we  did  not  have  time  to 
harmonize  them  fully.  It  was  the  intent  to  give  the  gas  and  oil  well 
operator  the  power  to  decide  after  he  had  given  proper  hearing  to  the 
several  interests. 

Mr.  Crocker.  It  seems  to  me  that  there  is  a  party  left  out — ^the 
landowner.  He  gets  a  royalty,  if  it  is  oil  or  gas.  I  think  he  should 
be  recognized. 

Mr.  Taylor.  I  think  the  oil  man  is  hardly  interested  until  he  has 
permission  from  the  surface  owner. 

Mr.  Crocker.  I  think  he  is  decidedly  interested. 

Mr.  MoLYNEAux.  I  think  the  intention  of  the  entire  discussion  is 
particularly  to  protect  the  miner  and  the  mine  owner  largely.  The 
oil  man  and  the  gas  man,  of  course,  will  have  to  bear  largely  the 
brunt  of  what  is  going  on,  as  far  as  protection  goes,  and  I  think  that 


DUTIES  OF  OFFICERS.  53 

in  some  cases  it  has  been  suggested  that,  for  instance,  a  gas  man 
'Would  get  a  lease  which  limits  him  to  a  certain  time  in  which  to 
drill  a  well.  Now,  he  may  get  a  good  well  if  he  can  do  the  work 
within  that  time;  but  if  he  has  to  wait  until  all  these  people  are  seen 
and  get  their  permission,  the  lease  may  expire  and  he  will  lose  out. 
Those  are  instances  within  my  knowledge.  And  while  fair  to  the 
mine  owner,  the  regulations  should  also  be  fair  to  the  driller.  After 
the  driller  has  duly  notified  the  mine  owner  and  talked  to  the  inspec- 
tor of  that  district,  if  within  a  certain  fixed  time,  a  few  days,  they 
do  not  pay  attention  to  it,  he  should  be  permitted  to  go  ahead  with 
his  work.  I  think  there  is  no  provision  of  that  kind  intended  in  the 
article,  but  there  should  be  something  of  the  kind  in  order  that  the 
man  who  drills  the  well,  or  has  his  money  invested  in  that  business, 
and  is  looking  forward  to  possible  success  with  a  certain  well  and 
with  other  wells  in  the  immediate  vicinity,  may  be  able  to  go  ahead 
within  a  reasonable  limited  time  and  drill  his  \^11  after  he  has 
notified  this  inspector  and  also  the  mine  owner. 

Mr.  Hood.  Let  me  say  that  on  reading  this  section  over  the  second 
time  I  am  quite  ready  to  admit  that  it  is  not  as  clear  as  it  should  be. 
It  does  not  bring  out  the  intent  as  sharply  as  it  should.  It  is  believed 
that  if  there  were  some  such  law  as  this  then  even  to  a  greater  degree 
than  is  true  at  the  present  time  these  parties  would  get  together  before- 
hand, and  it  would  only  be  in  a  rare  case  that  all  of  this  machinery 
would  be  brought  into  play,  for  the  parties  would  agree  in  short 
order,  and  the  inspector  would  have  no  formal  meeting  of  this  sort. 
That  is  the  intent,  and  it  can  be  brought  out  better  and  much  more 
dearly  with  different  language. 

Mr.  Layton.  I  suggest  that  it  be  amended  to  read  something  like 
this:  File  the  paper;  and  if  within  5  or  10  days  they  fail  to  appear, 
then  let  the  party  drill  his  oil  or  gas  well  and  proceed  immediately. 

Mr.  MooBE.  A  coal  operator  might  not  know  about  that  as  well  as 
the  gas- well  operator.  The  coal  operator,  unless  some  other  provision 
is  made,  ought  to  have  some  way  to  know  that  this  location  is  made. 
On  the  other  hand,  the  gas-well  operator  would  have  no  way  of 
knowing  whether  the  well  would  interfere  with  the  mine  or  the  mine 
workings  unless  he  has  access  to  a  mine  map.  He  has  got  to  com- 
municate with  the  coal  operator  before  he  knows  whether  the  location 
is  objectionable  or  not. 

Mr.  De  Woi-j*.  This  is  just  a  matter  of  routine,  after  all.  If  there 
is  a  State  gas-well  inspector,  or  somebody  acting  for  him  in  hie 
absence,  a  request  or  application  which  comes  in  would  then  be  duly 
forwarded  and  a  time  limit  put  on  it.  Forwarded  by  registered 
mail,  if  you  wish,  notifying  the  coal  operator,  the  mine  inspector, 
and  anybody  else  who  is  in  interest  in  the  matter ;  and  after  the  lapse 
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of  a  certain  length  of  time  let  it  be  understood  that  the  oil  and  gas 
man,  if  there  has  been  no  objection,  can  go  ahead. 

Mr.  Taylor.  This  matter  of  notice,  it  appears  to  me,  could  be  con- 
fined to  well  locations  over  an  active  mine,  a  "live''  mine,  and 
where  that  is  the  case  there  ought  not  to  be  any  boring  until  the 
location  has  been  actually  passed  upon.  It  is  not  simply  the  driller 
then.  It  becomes  a  question  of  life  and  death.  This  clause  here,  it 
seems  to  me,  is  definite  in  that. 

Mr.  CoRRiN.  The  company  that  I  am  interested  with  has  a  systrai 
of  locating  that  has  proved  quite  satisfactory.  When  we  make  a 
location  we  make  an  additional  map,  giving  the  measurements  of 
that  location,  that  is,  where  that  well  is  to  be  drilled.  When  we 
send  a  record  of  the  location  out  to  the  field  man  we  send  a  duplicate 
to  the  people  who  own  the  coal  under  that  land.  Of  course,  we  have 
an  abstract  made  of  the  title  to  the  land  before  we  make  a  location, 
and  we  know  hoW  that  land  is  platted,  and  before  any  injury  is  done 
by  drilling  the  coal  owner  comes  back  with  his  suggestions.  I  do 
not  see  why  an  addition  of  that  kind  could  not  be  made  to  include 
the  coal  operator.  If  the  coal  operator  has  any  suggestions  he  can 
take  it  up  to  the  inspector. 

Mr.  Hood.  What  would  be  a  reasonable  time,  in  your  judgment,  for 
the  approval  of  the  location  for  a  well  ? 

Mr.  CoRRiN.  I  should  say  a  week.  A  week  would  be  the  outside 
limit,  in  my  judgment. 

Mr.  Rice.  As  Mr.  Hood  has  indicated,  in  giving  this  outline  we 
have  merely  suggested  the  machinery  for  handling  a  case.  We  ex- 
pect that  in  the  greater  number  of  times  the  matters  will  all  have 
been  arranged  beforehand  between  the  well  operator  and  the  mine 
operator,  before  it  even  goes  to  the  chief  oil  and  gas  inspector,  if 
there  is  such,  and  it  is  only  in  the  exceptional  case  that  there  will  be 
any  difficulty,  but  when  such  arises  the  machinery  is  provided  for 
handling  it. 

Mr.  HiCE.  Immediately  upon  an  application,  then,  the  requirement 
would  be  for  a  plot  with  sufficient  references  to  actually  locate  the 
well,  and  that  would  be  a  part  of  the  application.  And  undoubtedly 
that  should  also  contain  a  statement  as  to  whether  the  well  is  located 
over  a  mine  or  near  a  working  mine,  and  the  inspector  would  at  once 
have  that  information,  and  if  the  blanks  were  properly  prepared  he 
would  know  exactly  to  whom  the  notice  was  to  go,  and  if  the  location 
was  over  a  working  mine,  part  of  the  requirements  would  be  to  show 
the  position  of  the  mine  workings. 

Mr.  CoRRiN.  The  larger  coal  companies  furnish  maps  of  their 
mine  workings,  and  in  making  our  locations  we  try  to  keep  away 
from  very  bad  spots. 
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Chairman  Fohl.  I  take  it  that  the  consensus  of  opinion  is  that  all 
three  parties  in  interest  must  have  notice,  but  that  a  certain  time 
must  be  set,  so  that  after  they  have  had  notice  it  is  possible  to  pro- 
ceed. Are  there  any  further  suggestions  along  this  same  line? 
The  chair  would  like  to  ask  who  is  to  furnish  the  maps  that  the  in- 
spector is  to  receive  and  file?  What  is  the  purpose  of  that  para- 
graph? 

Mr.  Hood.  This  is  only  defining  the  duties  of  the  inspector.  Where 
the  duties  of  the  oil  well  and  gas  well  people  are  taken  up,  is  made 
clear. 

Chairman  Fohl.  Suppose  you  take  the  next  three  subjects  to- 
gether. 

Mr.  Hood  thereupon  read  the  next  three  subjects. 

6.   BECOBOS. 

It  8haU  be  the  duty  of  the  Inspector  to  keep  a  complete  record  and  to  prepare 
for  publication  a  yearly  report  of  the  wells  drilled  in  his  district,  together  with 
their  locktion,  date  of  completion,  depth,  production,  date  of  abandonment, 
and  name  of  owner. 

7.  STTPEBVISION. 

It  shall  be  the  duty  of  the  inspector  to  examine  each  well  in  his  district  at 
frequent  intervals,  giving  special  attention  to  all  wells  containing  gas  in  such 
quantity  as,  in  case  of  leakage,  to  make  them  a  menace  to  a  mine ;  the  inspector 
flbaU  see  that  all  the  provisions  of  this  act  are  observed  and  strictly  carried  out 

8.  COMPLAINTS. 

The  inspector  shall  receive  and  investigate  all  complaints  as  to  injury,  present 
or  imp^iding,  due  to  a  lack  of  precaution  on  the  part  of  any  well  owner  or 
mine  operator,  and  if  he  finds  the  complaints  against  the  mine  owner  to  be 
well  founded  he  shall  lay  the  facts  before  the  State  mine  inspector. 

Mr.  De  "Woo*.  In  the  sixth  paragraph  you  mean  each  active  well, 
do  you  not  ? 

Mr.  Hood.  Each  active  well. 

Mr.  Hall.  The  name  of  the  owner — ^not  only  the  owner  of  the 
land,  but  the  owner  of  the  coal — ^the  operating  company  that  may 
own  the  coal,  and  the  name  of  the  person  on  whose  farm  the  well  is 
to  be  drilled,  so  there  may  be  some  way  to  trace  records  and  look  up 
the  incumbrances  that  may  be  on  any  farm  where  there  are  gas  wells 
or  oil  wells. 

Chairman  Fohl.  Are  there  any  further  suggestions  in  reference  to 
this  matter? 

Mr.  Hood.  The  general  subject  of  penalties  has  not  been  entered 
into  here  at.  all,  but  when  this  goes  into  a  lawyer's  hands  he  would 
doubtless  add  the  penalties  to  make  this  workable. 
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Mr.  Hood  then  read  the  provision  relating  to  plugging  wells. 


9.   PLrOGlNG   WELLS. 


Upon  receiving  notice  of  an  owner's  intention  to  abandon  a  well  the  inspector 
or  his  assistant  shall  proceed  to  such  well  and  satisfy  himself  that  the  provi- 
sions of  this  act  referring  to  plugging  wells  are  complied  with.  He  shall  Join 
the  owner  in  making  affidavit  to  the  manner  in  which  the  well  has  been  plugged. 

Chairman  Fohl.  Are  there  any  remarks  on  this  subject? 

Mr.  Hall.  When  an  undertaker  buries  a  man  he  has  got  to  have 
permission  to  do  so,  and  it  seems  to  me  that  when  a  man  plugs  a  well 
not  only  the  owner  ought  to  receive  permission,  but  the  man  who 
does  the  plugging  ought  to  be  made  responsible,  and  he  ought  to  be 
required,  or  at  least  to  be  held  liable  if  he  has  not  received  that  per- 
mission before  he  does  the  work,  just  as  the  undertaker  law  is  in  our 
State — a  man  who  buries  is  responsible  if  he  has  not  received  per- 
mission from  the  board  of  health.  In  this  case  the  man  is  responsible 
who  does  the  plugging  if  he  has  not  received  the  certificate  that  the 
well  may  be  plugged  and  that  notification  has  been  duly  given. 

Mr.  Rice.  Paragraph  11  makes  provision  for  this. 

Mr.  Moore.  I  should  like  to  ask  one  question.  Suppose  this  oil-well 
owner  makes  his  application  to  the  gas-well  inspector  to  plug  a  well. 
Suppose  the  inspector  is  present  and  signs  this  certificate,  but  suppose, 
nevertheless,  that  something  happens  from  that  well — ^that  a  miner  is 
killed  in  the  mine.  The  miner's  family  will  bring  suit  against  some- 
body. Who  is  to  be  held  responsible?  Does  the  State  assume  the 
responsibility  on  account  of  its  representative^  approving  the  method, 
or  are  the  gas  people  or  the  other  people  to  be  held  responsible,  or 
both  ? 

Mr.  Layton.  If  the  accident  was  caused  by  delay  on  the  part  of 
the  coal  operator  or  the  mine  inspector,  I  suppose  they  would  be 
liable. 

Mr.  Moore.  The  part  I  wish  to  bring  out  is  that  the  present  re- 
sponsible oil  and  gas  companies  feel  that  they  have  a  moral  responsi- 
bility for  taking  care  of  the  wells  that  they  plug,  and  because  of  that 
moral  responsibility  they  plug  them  as  best  they  know  how.  Would 
this  be  a  loophole  for  somebody  that  doesn't  want  to  spend  quite  so 
much  money  in  plugging  wells  to  release  him  from  the  present  laws? 

Mr.  Hood.  It  doesn't  seem  to  me  that  such  release  would  follow 
from  a  law  of  this  sort.  This  is  simply  a  supervision — a  police 
duty — ^to  see  that  they  do  the  best  they  can,  and  yet  it  would  not 
release  one  from  responsibility.  I  think  we  have  similar  cases  with 
other  laws. 

Mr.  Cameron.  Going  back  to  the  paragraph  before  that,  under 
"  Complaints,"  is  the  State  mine  inspector  the  referee  or  the  final 
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arbitrator  in  this  case?  It  says  he  shall  lay  the  facts  before  the  State 
mine  inspector. 

Mr.  Rice.  That  was  intended  to  meet  a  complaint  against  the  coal 
operator.  The  intent  of  it  is  this:  That  the  gas  and  oil  well  in- 
spector,  if  there  be  such,  would  have  supervision,  as  far  as  the  gas 
and  oil  well  operation  is  concerned,  but  if  through  mishandling  within 
a  mine  damage  is  done  or  anticipated  and  complaint  has  been  brought 
to  the  attention  of  the  oil  and  gas  well  inspector,  he  would  not  have 
the  power  to  enforce  within  the  mine,  that  would  be  the  State  mine 
inspector's  duty,  and  oil  and  gas  inspectors  should  simply  lay  the 
facts  of  the  complaint  before  the  State  mine  inspector.  He  will 
then  have  fulfilled  his  duty,  and  it  will  be  up  to  the  mine  inspector 
to  investigate  and  remedy 

Mr.  Cameron.  Then,  as  the  State  mine  inspector  is  subject  to  the 
department  of  mines,  you  will  have  a  conflict  of  law. 

Mr.  Layton.  Where  would  the  oil  or  gas  well  operator  be?  You 
make  no  provisions  for  him. 

-  Mr.  Cameron.  He  would  be  subject  at  all  times  to  the  law  that 
might  be  adopted.  There  is  no  law  at  this  time  governing  oil  and 
gas,  but  the  coal  operator  is  already  provided  for  by  the  mining  laws. 

Chairman  Tohl.  Are  there  any  further  remarks?  If  not,  we  will 
take  up  the  matter  of  the  enforcement  of  the  law. 

Mr.  Hood  read  the  provision  relative  to  violation  and  the  enforce- 
ment of  the  law. 

10.   VIOLATIONS. 

If  the  inspector  discovers  any  well  being  drilled,  operated,  or  plugged  con- 
trary to  the  requirements  of  this  act,  he  shall  order  the  workmen  engaged  upon 
such  well  to  cease  work  at  once  and  shall  not  permit  the  work  to  be  resumed 
until  he  is  satisfied  that  the  law  is  complied  with. 

11.   ENFOBCEMENT  OF  LAWS. 

To  enable  the  inspector  to  perform  the  duties  imposed  upon  him  by  this  act, 
he  shall  liave  the  right  at  all  times  to  approach  and  examine  any  well  in  his 
district,  and  with  the  authority  of  the  State  mine  Inspector,  to  enter  any  mine 
affected,  and  upon  discovery  of  any  violation  of  this  article  or  upon  being 
informed  of  such  violation,  he  shall  institute  proceedings  against  the  person  or 
persons  at  fault,  under  the  provisions  of  the  law  provided  for  such  cases. 

In  case  of  failure  of  the  owner  to  properly  plug  an  abandoned  well,  It  shall 
be  the  duty  of  the  inspector  to  have  the  work  properly  performed  by  contract 
and  to  assess  the  cost  against  the  well  owner. 

12.   PENALTIES. 

There  shall  be  adequate  penalties  provided  to  aid  in  obtaining  the  safer 
conditions  here  proposed. 

Mr.  Watters.  A  good  many  people  are  considered  in  formulating 
laws  of  this  kind,  but  how  about  the  man  who  goes  to  his  neighbor 
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or  by  himself  employs  a  neighbor  to  drill  a  well?  He  has  enough 
means  to  finish  that  well,  but,  because  of  the  plugging  on  account 
of  not  getting  gas  or  oil,  he  does  not  have  enough  money.    It  seems 

to  me  there  ought  to  be  something  put  in  as  to  a  bond  by  indi- 
viduals, for  there  is  more  trouble  with  them  than  with  the  corpora- 
tions. We  have  no  trouble  with  the  largest  corporation ;  it  is  with  the 
individual  who  drills  a  well  to  make  something  out  of  it  or  "  bust  ^\ 
There  ought  to  be  something  to  cover  that  individual. 

Mr.  Hood.  That  is  covered  a  little  later  by  a  paragraph  that  re- 
quires a  bond  to  be  put  up.  If  a  man  hasn't  got  enough  money  to 
drill  a  well  and  to  pay  for  the  bond,  he  doesn't  drill. 

Mr.  Paul.  In  connection  with  the  section  just  read  I  should  like 
to  ask  if  it  would  apply  to  all  wells  being  drilled  in  new  territory, 
where  the  operators  of  the  well  are  desirous  of  keeping  secret  whether 
or  not  the  territory  is  productive ;  or  is  there  anything  in  here  against 
giving  out  advance  information  in  connection  with  the  authority 

given  the  inspector  to  examine  any  well  at  any  time! 

Chairman  Fohl.  I  suppose  we  might  say  that  it  is  to  be  taken  as 
a  matter  of  course  that  information  of  that  kind  is  confidential  and 
must  stay  with  the  operator  and  not  be  spread  abroad,  but  I  presume 
when  we  come  to  make  a  final  act  it  ought  to  be  mentioned  there. 

Mr.  Hall.  It  seems  to  me  the  depths  at  which  oil  is  to  be  found  are 
so  great  that  as  far  as  drilling  is  concerned  his  (the  inspector's) 
interest  might  cease  after  the  well  is  through  the  coal  measure.  But 
when  it  comes  to  plugging,  that  is  a  different  proposition. 

Chairman  Fohl.  I  think  the  coal  operators  are  interested  in  the 
well  until  it  is  finally  abandoned. 

Mr.  Rice.  We  should  like  to  hear  from  gas  and  oil  well  people  on 
this.  On  the  matter  of  plugging  I  think  that  the  provisions  of  a  leg- 
islative act  should  be  comprehensive.  The  oil  and  gas  well  operators, 
I  understand,  would  like  to  insure  that  the  plugging  of  every  hole  is 
properly  done  to  prevent  salt  water  leaking  from  one  horizon  to 
another.  In  order  that  this  be  efficiently  done,  it  would  seem  neces- 
sary that  the  inspector  have  full  records  of  the  hole  from  top  to 
bottom. 

Mr.  MoLYNEAUx.  The  actual  value  of  a  well  should  not  be  disclosed 
by  the  permission  to  drill,  or  by  any  inspector.  The  records  asked 
for  should  not  say  anything  about  the  value  of  the  well.  It  is 
simply  a  matter  of  safeguarding,  and  I  do  not  think  the  matter  of 
value  should  be  disclosed.  Assuming  that  the  inspector  would  know 
enough  to  be  discreet  in  such  matters,  I  do  not  think  the  matters  of 
secrecy  should  or  would  be  disclosed  by  inspection,  unless  the  inspec- 
tor was  a  grafter,  and  we  assume  that  men  in  such  positions  should 
be  above  graft. 
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Chairman  Fohl.  Mr.  Corrin,  would  you  care  to  say  anything  in 
reply  to  what  Mr.  Rice  has  just  suggested? 

Mr.  CoBRiN.  No,  sir;  I  do  not  think  there  is  a  great  deal  of  dan- 
ger of  disclosures.  There  might  be  a  case  once  in  a  long  while  where 
there  might  be  trouble.  I  do  not  believe  all  the  information  you 
would  learn  would  do  anybody  any  good  or  harm. 

Chairman  Fohl  (to  Mr.  Rice).  Don't  you  have  in  mind  the  matter 
of  plugging  between  various  sands  ? 

Mr.  Rice.  That  is  what  we  intend  to  be  a  matter  of  public  record, 
so  that  it  might  afterwards  be  accessible,  and  if  the  oil  and  gas  inspec- 
tor did  not  have  access  at  the  time  of  drilling  it  would  be  a  difficult 
matter  to  get  the  information  later.  As  far  as  giving  out  informa- 
tion is  concerned,  it  is  entirely  conceivable  that  an  inspector  might 
not  do  his  duty,  but  as  far  as  I  know,  and  I  have  considerable 
acquaintance  with  coal-mining  inspection,  it  has  rarely  happened 
that  information  has  been  disclosed  which  was  injurious  to  the  oper- 
ating company.  I  think  the  inspectors  are  generally  reliable,  and  I 
do  not  think  we  ought  to  anticipate  the  contrary.  It  is  manifest  that 
if  any  inspector  failed  to  do  his  duty  he  would  promptly  render  him- 
self liable  to  removal. 

LOCATION  OF  BORE  HOIJSS. 

Chairman  Fohl.  Suppose  we  take  up  the  entire  next  five  sections, 
13  to  17,  inclusive,  from  the  matter  of  locating  to  the  protection  of 
coal  measures,  as  they  .all  seem  to  be  interwoven. 

Mr.  Hood  thereupon  read  the  section  suggested  by  the  chairman. 

13.   APPLICATION. 

Any  person  (firm  or  corporation)  purposing  to  drill  a  bore  bole  tbroagh  a 
workable  seam  of  coal  shall  make  application  in  writing  to  the  chief  inspector 
of  gas  and  oil  wells  for  x)ermi88ion  so  to  do,  and  he  shall  not  commence  drilling 
mitil  such  permission  in  writing  shall  have  been  received  by  him.  In  case,  of 
dispate  the  State  geologist  shall  determine  whether  a  seam  of  coal  is  workable 
within  the  intent  of  this  act. 

14.   SURVEY  AND  MAPS. 

Accompanying  the  application  for  permission  to  drill  such  bore  hole  there  shall 
be  submitted  a  map  showing  the  location  of  the  proposed  bore  hole  with  ref- 
erence by  conrse  and  distance  to  the  boundaries. 

Said  map  must  be  made  on  a  scale  of  200  feet  to  1  inch,  and  shall  be  based 
on  surveys  made  by  surveyors  or  engineers  of  recognized  standing,  and  shall  be 
certified  to  by  the  surveyor  or  engineer  making  the  same. 

In  case  the  inspector  finds  the^map  insufficient  to  enable  him  accurately  and 
completely  to  locate  the  proposed  well  he  shall  require,  that  another  survey  and 
map  be  made  before  permission  to  drill  shall  be  granted. 

If  the  origfnal  map  is  subsequently  found  to  be  adequate  the  cost  of  the  second 
sarrey  and  map  shaU  be  borne  by  the  State. 
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15.  BOND. 

Any  person  (firm  or  corporation)  purposing  to  drill  a  bore  hole  through  any 

workable  seam  of  coal  shall  be  required  to  give  bond  in  the  amount  of 

dollars  to  insure  that  the  drilling  and  abandoning  of  such  bore  hole  shall  be  in 
accordance  with  the  provisions  of  this  act. 

3  6.   DISTANCE  FROM   BUILDINGS,  ETC. 

No  bore  hole  penetrating  a  gas-bearing  or  oil-bearing  formation  shall  be 
located  within  300  feet  of  a  shaft  or  entrance  to  a  coal  mine  not  definitely 
abandoned  or  sealed ;  nor  shall  such  bore  hole  be  located  within  100  feet  of  any 
mine  shafthouse,  boiler  house  or  engine  house,  or  mine  fan.  No  bore  hole  shall 
be  located  to  drill  within  15  feet  of  any  mine  haulage  way  or  airway. 

17.   LICENSE. 

Should  the  proposed  bore  hole  be  so  located  as  not  to  interfere  with  the  safe 
and  economical  operation  of  any  mine,  and  if  the  previous  requirements  of  this 
act  be  complied  with,  a  license  shall  be  granted  and  said  person  (firm  or  cor- 
poration) may  proceed  to  drill  such  bore  hole  in  accordance  with  the  further 
provisions  of  this  act 

Mr.  Hall.  In  section  16, 1  wish  that  word  "  abandoned  "  was  fol- 
lowed by  the  words  "  and  sealed." 

I  was  interested  in  the  Consolidation  Coal  Co.'s  mine,  and  the 
interest  the  company  showed  in  a  particular  mine  that  was  opened 
near  a  gas  well.  The  company  was  anxious  to  know  whether  any  of 
that  gas  would  be  drawn  into  the  mine.  I  think  in  many  cases  that 
care  is  not  taken.  Tliere  may  be  a  mine  opening  not  far  from  a 
gas  well.  The  well  may  not  be  properly  sealed  or  it  may  not  be 
sealed  at  all,  or  it  may  be  sealed  at  the  opening,  and  there  may  be 
a  break  in  the  surface  above  and  the  air  drawn  may  be  at  any  time 
contaminated  by  the  leakage  from  that  gas  well.  Two  responsible 
gas  operators  have  made  careful  surveys  and  their  work,  which  I 
have  noted  myself,  agrees  very  closely  with  the  coal-mine  surveys 
which  have  been  made.  But  I  wish  to  say  these  two  companies  are 
not  completely  representative  of  the  field.  There  are  some  people, 
• "  wild  catters,"  whose  surveys  are  not  at  all  reliable  and  whose  loca- 
tions are  possibly  made  with  a  flexed  stick.  It  is  people  like  that 
against  whom  we  have  to  be  on  guard.  The  arrangements  in  certain 
parts  of  West  Virginia  are  creditable  both  to  the  oil  producer  and  to 
the  coal  corporation,  but  there  are  sections  where  the  surveys  are 
creditable  to  neither,  and  it  seems  to  me  that  one  of  the  requirements 
which  we  should  make  is  that  if  the  State  is  not  going  to  make  these 
fe'urvevs  the  connection  shall  be  made  to  two  monuments  and  those 
monuments  connected.  Then  wq  shall  have  a  survey  that  can  be 
traversed  and  the  State  or  anybody  else  who  is  interested  could  ascer- 
tain at  any  time  whether  it  was  correct  or  not    *    ♦    ♦ 
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Of  course,  the  United  States  monuments  would  be  desirable,  but 
if  the  distance  is  very  considerable  to  where  that  survey  has  to  be 
extended  it  would  be  undesirable.  It  might  work  very  well  with 
large  corporations  doing  a  great  deal  of  drilling,  and  naturally, 
therefore,  in  portions  of  the  fields  not  far  from  some  monument  of 
the  United  States  Geological  Survey.  But  with  a  small  "  wild  catter  " 
it  might  not  only  put  a  considerable  burden  on  him,  but  the  survey 
when  made  would  be  inaccurate  and  of  no  value. 

Mr.  KiCE.  I  might  explain  what  our  intent  was  in  saying  that 
"  no  bore  holes  penetrating  gas  and  oil  formation  shall  be  located 
within  300  feet  of  a  shaft  or  entrance  to  a  coal  mine  not  definitely 
abandoned  or  sealed."  In  the  preliminary  conferences  we  had  quite 
a  discussion  as  to  drilling  through  old,  abandoned  mines,  and  some 
of  the  gas-well  people  said  it  was  very  difficult  at  times  to  determine 
whether  a  mine  is  definitely  abandoned.  It  might  have  been  an  old 
country  bank  and  might  not  have  been  sealed.  It  might  not  ever 
have  been  definitely  abandoned;  that  is,  no  notice  of  abandonment 
was  ever  given.  We  thought,  therefore,  that  we  should  leave  the 
wording  in  rather  general  terms,  putting  it  up  to  the  gas  and  oil 
well  inspector  to  determine  what  steps  should  be  taken. 

Mr.  Hood.  In  regard  to  the  survey,  it  was  intended  to  tie  this  up 
pretty  tight,  a  good  survey  being  rea)gnized  as  absolutely  necessary, 
and  it  was  thought  that  if  the  courses  and  the  distances  to  the 
boundary  were  given  you  could  not  locate  two  boundaries  without 
having  three  monuments — three  points  from  which  to  locate  the 
boundaries — ^and  that  such  a  provision  w^ould  still  be  flexible  enough 
to  cover  a  larger  number  of  cases  than  a  provision  that  surveys 
should  be  carried  to  the  section  corners  or  the  Geological  Survey 
monuments,  or  something  of  that  sort. 

Mr.  Layton.  Assuming  that  we  are  about  to  locate  a  well  in  what 
Is  known  as  "  wild-cat  "  territory.  On  the  filing  of  that  applicatfon 
then  the  mine  inspector  or  the  oil  and  gas  inspector  could  immedi- 
ately place  two  or  three  monuments,  which  should  govern  all  future 
developments  in  that  neighborhood.  That  would  eliminate  all 
further  trouble. 

Mr.  Cameron.  In  section  16  it  states,  "No  bore  hole  shall  be 
located  to  drill  within  15  feet  of  a  mine  haulage  way  or  airway." 
What  is  the  intent  of  the  provision?  Does  that  mean  solid  coal  or 
in  a  cut-through  or  in  an  abandoned  working  or  gob,  or  what  ? 

Mr.  Rice.  The  intent  is  to  cover  the  situation  where  the  gas  and 
oil  people  have  rights  prior  to  the  coal  operators,  and  therefore  de- 
mand that  they  be  enabled  to  locate  a  hole  anywhere.  We  have  to 
recognize  that  in  most  cases  the  two  interests  will  get  together  and 
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make  mutually  satisfactory  arrangements;  but  there  may  be  cases 
where  you  have  to  provide  legal  machinery,  matters  in  regard  to 
which  there  is  a  disagreement;  that  is,  it  may  be  that  the  coal 
operator  will  say  it  is  dangerous  to  locate  anywhere  in  or  near  a 
mine  or  a  gas  well,  which  would  prevent  the  drilling  of  a  well  on 
the  property.  I  think  we  have  got  to  recognize  the  rights  on  both 
sides.  The  thought  was  that  where  the  gas  and  oil  well  company 
had  those  prior  rights  they  should  then  give  the  oil  and  gas  inspec- 
tor authority  under  the  police  power  of  the  State,  on  account  of 
safety,  to  prevent  the  hole  being  drilled  through  a  haulage  way  or 
airway,  which  would  include  either  an  intake  or  a  return  airway.  It 
would  require  that  it  be  drilled  to  one  side.  The  distance  15  feet  was 
chosen  merely  because  we  thought  that  would  take  care  of  the  errors 
of  a  survey  or  in  drilling,  in  locating  a  hole  enough  to  one  side  to 
permit  mechanical  protection. 

Mr.  Cameron.  That  had  reference  entirely  to  the  errors  in  the 
survey,  and  not  to  the  location  of  the  hole  ? 

Mr.  Rice.  To  provide  that  there  should  be  no  hole  actually  drilled 
through  a  haulage  road  or  an  airway,  or  so  dose  that  it  could  not  be 
protected  by  a  covering  without  interfering  with  the  haulage  road 
or  airway,  we  agreed,  as  a  sort  of  compromise,  on  not  allowing  the 
hole  to  be  started  at  the  surface  nearer  than  15  feet  from  one  side 
or  the  other,  as  indicated  by  the  survey.  There  might  be  errors  in 
the  survey  or  the  hole  might  not  go  down  truly  vertical.  We  con- 
sidered that  between  errors  of  survey  or  lack  of  verticality  the  hole 
might  be  off  the  true  position  in  striking  the  coal  bed  5  or  even  10 
feet.  It  would  allow  you  to  put  a  hole  down  in  the  middle  of  a 
chain  pillar  or  on  the  other  side  of  the  entry  in  a  barrier  pillar  or 
even  in  a  room, 

Mr.  Camehon.  Your  gob  or  fallen  strata  might  be  only  15  feet,  or 
it  might  be  a  good  many  more  feet  away  from  that. 

Mr.  Rice.  Yes;  we  did  not  attempt  to  frame  a  clause  preventing 
drilling  through  broken  ground  or  abandoned  areas,  because  the 
courts,  at  least,  have  already  decided  that  gas  and  oil  operators  who 
have  the  property  rights  have  the  right  to  drill  through  such  areas 
where  protection  that  in  the  eye  of  the  court  is  adequate  is  given. 

Mr.  Hall.  I  would  suggest  the  addition  of  the  words  "made  or 
provided  "  at  the  end  of  the  statement  "  haulage  way  or  airway." 

Mr.  Rice.  This  matter  of  15  feet,  or  any  other  distance  that  a  loca- 
tion may  be  moved  by  an  inspector,  should  be  very  carefully  consid- 
ered by  the  coal  operators  present.  We  realize  that  it  is  a  vital  point 
and  a  very  important  one  in  any  determination  of  the  powers  given 
to  gas  and  oil  well  inspectors.  It  would  be  applied  only  where  there 
has  been  a  nonagreement  between  the  two  sides. 
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Chairman  Fohl.  I  think  we  might  come  back  to  this  matter  of  dis- 
tance after  a  thorough  dicussion  of  the  protection  of  coal  measures, 
which  is  the  next  general  topic. 

Mr.  Db  Wolf.  May  I  raise  a  question  here  for  the  guidance  of  any 
committee  which  attempts  to  work  out  the  details?  This  section 
with  reference  to  the  location,  where  it  speaks  of  any  person  pro- 
posing to  drill  a  bore  hole  through  a  workable  seam  of  coal,  etc.,  "  In 
case  of  dispute  the  State  geologist  shall  determine  whether  a  seam 
of  coal  is  workable  within  the  intent  of  this  act."  I  want  to  point 
out  that  you  are  putting  a  very  difficult  problem  up  to  the  State 
geol(^ist.  What  is  a  workable  coal  seam  ?  Is  it  a  coal  seam  work- 
able 5  years  hence,  or  a  coal  seam  workable  to-day?  We  have  in 
Illinois  a  law  requiring  that  when  wells  are  to  be  drilled  through  a 
vrorkable  coal  seam,  certain  records  shall  be  filed  with  the  State 
mining  board  and  a  certain  procedure  shall  be  followed.  It  does  not 
say  who  shall  decide  whether  a  certain  seam  is  workable;  if  it  did,  it 
would  be  very  difficult  for  any  one  to  say  how  thick  a  seam  actually 
is  frcMn  the  record  obtained  with  a  chum  drill.  If  one  knows  or 
thinks  he  knows,  it  is  a  question  whether  his  judgment  is  to  be  trusted 
as  to  whether  it  is  workable  now  or  will  be  workable  in  the  future. 
There  have  been  drilled  in  Illinois  over  20,000  wells  in  a  region 
where  there  is  no  active  mining,  and  most  all  of  the  gas  well  drillers 
will  say  to  you,  "Oh,  no;  we  didn't  go  through  any  workable  coal; 
there  is  no  coal  at  all,"  and  yet  the  diamond  drill  going  down  in  that 
precise  territory  has  shown  that  there  are  two  workable  coal  beds 
which  some  day  will  doubtless  be  worth  mining.  So  it  seems  to  me 
that  it  would  be  essential  in  our  State  that  this  p«*mission  should  be 
obtained  and  these  regulations  observed,  for  all  wells  drilled,  cer- 
tainly all  within  areas  underlain  with  coal.  Moreover,  proper  plug- 
ging of  a  well  is  certainlyr  important  to  the  wl  and  gas  people  in 
protecting  their  sands  from  the  water  of  a  wildcatter  who  is  irre- 
sponsible and  it  would  be  to  their  advantage  to  have  this  section 
include  all  borings  for  oil  and  gas. 

Chairman  Fohl.  Within  the  coal  measures? 

Mr.  De  Wolf.  I  should  say  that  anywhere  within  the  State  it 
would  be  to  their  advantage  to  have  these  r^^lations  followed. 

Mr.  Rice.  We  realized  that  we  are  putting  a  difficult  problem  to 
the  geologists.  We  didn't  know  any  persons  better  able  to 
judge  than  the  geologists.  We  did  consider  the  use  of  the  words 
**coal  measures,"  but  that  is  more  indefinite  for  our  purpose;  for 
instance,  the  lower  coal  measures  may  not  contain  workable  coal. 
We  thought  that  by  including  only  the  workable  coal  we  could  con- 
fine it  within  the  boundaries  of  those  coals  which  could  be  perhaps 
in  the  most  remote  terms  considered  as  workable;  that  is,  if  you  have 
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the  lower  measures  carrying  a  coal  which  in  no  place  has  been'f ound 
to  be  over  a  foot  in  thickness,  it  is  a  negligible  chance  that  it  will 
be  worked,  so  for  practical  purposes  could  be  disregarded.  Our  aim 
has  been  to  minimize  the  expense  to  the  gas  and  oil  well  operators^ 
where  safety  or  conservation  was  not  at  stake ;  that  is  to  say,  where 
it  is  clearly  without  workable  coal  areas,  there  need  not  be  delays 
in  getting  permission  to  drill. 

Mr.  Hood.  I  think  there  is  one  other  thought  there,  too ;  that  is,  it 
might  be  entirely  proper  to  lessen  the  requirements  when  there  is 
a  lower  coal  bed  which  in  some  other  districts  is  workable,  yet  is  so 
deep  that  within  10  or  15  years,  or  within  the  probable  life  of  a 
well  in  that  district,  it  is  quite  unlikely  that  the  coal  in  that  locality 
will  be  mined.  It  seems  very  difficult  to  pick  words  that  will  allow 
drilling  without  restriction  in  one  part  of  the  county  and  not  in 
another  part,  when  permission  depends  on  the  judgment  of  some 
qualified  person,  and  it  seemed  best  to  put  that  responsibility  in  the 
hands  of  the  State  geologist.  The  idea  was  to  make  it  easier  for  the 
gas  and  oil  well  man,  who  would  not  have  to  case  down  to  a  deep- 
lying  coal  bed,  where  it  probably  would  not  be  mined  within  the 
life  of  that  well. 

Mr.  De  Wolf.  Would  it  not  be  well  to  require  that  the  application 
for  a  permit  shall  be  filed  in  all  cases,  so  that  the  man  in  charge  or 
the  State  geologist  might  inform  the  parties  as  to  what  the  likelihood 
of  going  through  coal  strata  is?  In  other  words,  the  first  opening 
sentence  says,  '^  any  person  purposing  to  drill  a  bore  hole  through  a 
workable  seam  of  coal  shall  make  application."  He  may  not  know; 
he  may  be  quite  ignorant  as  to  whether  he  is  going  to  go  through  a 
coal  seam.  He  first  ought  to  make  inquiry  or  file  an  application,  and 
give  some  one  a  chance  to  tell  him  whether  he  is  going  to  go  through 
a  workable  coal  seam. 

Mr.  Haij:*.  You  lay  too  much  emphasis  on  coal.  I  have  had  some 
experience  in  clay.  I  know  of  a  30- foot  bed  of  clay  being  removed, 
and  a  cave  in  that  30-foot  bed  came  so  close  to  an  oil  derrick  that 
the  sills  were  hanging  over  the  edge  of  the  hole.  We  do  not  want  to 
lay  too  much  emphasis  on  coal.  The  idea  is  to  protect  all  mines; 
iron  mines  perhaps  need  not  be  considered,  but  at  the  same  time  there 
are  large  deposits  of  clay  in  Pennsylvania  which  are  close  to  the  gas 
deposits  and  the  oil  deposits. 

Mr.  Rice.  I  should  like  to  hear  from  Mr.  Hice  as  to  how  near  the 
gas  and  oil  areas  are  to  the  underground  limestone  quarries  in  this 
State,  with  which  I  am  not  familiar; 

Mr.  Hice.  As  I  recall,  in  the  State  at  least  two  companies  with 
underground  limestone  workings  are  working  where  oil  and  gas  are 
produced.  There  is  no  question  about  the  fact  that  the  regulation 
ought  to  apply  in  all  cases,  and  there  ought  to  be  a  broader  statement 
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than  one  covering  simply  coal  mining.  We  do  not  think  much  about 
any  mining  other  than  coal  mining  in  this  part  of  the  State,  but  other 

kinds  of  mines,  as  any  person  looking  up  the  production  of  minerals 
in  the  State  of  Pennsylvania  will  find,  are  numerous.  There  are  clay 
mines  in  almost  every  county  where  coal  is  produced,  and  likewise  in 
some  of  the  counties  that  are  not  producing  coal  in  commercial  quan- 
tities.   We  have  very  valuable  clay  products. 

Mr.  Hood.  I  should  like  to  ask  whether,  if  this  were  made  to  apply 
to  all  bore  holes,  it  would  act  as  a  hardship  on  the  oil  and  gas  indus- 
try, or  would  it  not?    What  is  the  opinion  on  that? 

Mr.  HiCB.  Probably  half  of  the  oil  wells  in  Pennsylvania  are  in 
coal-producing  counties.  The  other  half  are  in  what  we  class  as 
noncoal-producing  counties.  I  do  not  know,  but  personally  I  think 
we  should  require  applications  to  drill  in  all  counties  in  the  State 
of  Pennsylvania.  There  are  other  interests  to  be  conserved  and 
looked  after  in  this  matter  of  drilling.  The  matter  of  application  or 
location  is  simply  a  part  of  the  whole  scheme,  and  the  preservation 
of  the  oil  and  gas  is  to  be  looked  after  in  the  noncoal  county  as 
well  as  in  the  coal  counties ;  and  there  is  the  matter  of  the  pollution 
of  surface  water,  which  is  important  in  every  county,  and  is  of  very 
great  importance  in  some  counties.  I  know,  for  example,  that  the 
water  in  a  certain  river  several  times  has  been  so  badly  polluted  from 
the  oil  wells  in  Potter  County  that  the  water  could  not  be  used  for 
boiler  purposes.  But  water  for  domestic  use  is  a  matter  that  should 
be  kept  in  consideration  all  the  time  in  considering  this  matter  of 
regulating  the  location,  operation,  and  abandonment  of  each  oil  and 
gas  well  and  each  small  water  well  also. 

Mr.  Cbocker.  As  to  the  pollution  of  water  by  oil  and  gas  wells,  I 
think  that  is  pretty  far-fetched  when  we  see  what  has  been  done  by 
the  coal  mines.  Nearly  all  the  larger  oil  and  gas  companies  are- try- 
ing to  do  all  they  can  to  make  everything  safe,  but  I  think  the 
general  tendency  is  to  make  us  the  scapegoat.  The  whole  weight  is 
thrown  on  us.  The  landholder  has  got  to  be  taken  into  consideration. 
He  has  an  interest  in  this  matter,  and  perhaps  the  man  getting  a 
royalty  from  the  coal  has  a  right  to  say  something.  I  think  the  whole 
question  of  the  danger  from  wells  is  exaggerated  greatly.  Of  the  two 
cases  cited  here  this  morning,  the  one  of  the  Consolidation  Coal  Co. 
concerns  something  that  can  be  easily  overcome.  It  was  simply  an 
oversight  that  should  never  have  happened.  With  care  it  never 
would  have  happened.  In  both  cases  it  was  through  an  oversight, 
and,  unfortunately,  those  two  cases  have  made  the  question  of  danger 
to  appear  much  worse  than  it  is. 

Now,  answering  for  the  company  I  am  connected  with,  we  are 
willing  to  do  everything  we  can  to  make  it  safe,  and  I  think  our 
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relation  with  the  coal  companies  lets  them  know  that  we  are  carry- 
ing out  everything  we  can  to  do  it. 

Mr.  Tatlor.  I  can  speak  with  reference  to  the  mines  of  the  Pitts- 
burgh Coal  Co.,  and  of  the  men  who  drill  for  gas  and  oil  through 
its  territory.  There  are  a  great  many  of  them  doing  everything 
they  can,  everything  within  reason.  There  are  others  that  will  not 
do  anything.  As  to  the  danger,  I  will  say  that  at  the  Dunbar  mine, 
where  miners  cut  into  a  bore  hole,  there  were  29  men  killed.  That 
is  not  cited  in  the  records.  It  is  really  dangerous.  Every  mining 
man  knows  that  it  is  dangerous,  and  he  is  afraid  of  the  situation. 

Mr.  CoRRiN.  To  my  mind,  it  is  the  future  and  not  what  has  been 
done  for  the  coal^  the  future  is  more  important  than  something 
about  wells  already  sealed.  Miners  are  likely  to  run  into  an  old  hole 
at  any  time.  It  would  be  of  more  benefit  to  know  where  existing 
wells  are  located,  than  the  future  wells. 

•  Mr.  Layton.  I  think  the  idea  is  that  we  should  do  everything 
possible  to  conserve  the  oil  and  gas  and  at  the  same  time  to  save  the 
men.  The  object  of  this  meeting  is  largely  that  we  can  do  ever>'- 
thing  possible  and  reasonable  to  be  done.  Speaking  about  Butler 
County,  the  slope  mines  are  all  gone.  There  is  no  danger  of  run- 
ning through  them,  and  I  think  we  all  feel  that  way. 

Mr.  Leland.  The  language  of  this  application  refers  to  bore 
holes,  and  it  might  mean  simply  bore  holes  for  a  shallow  water  well. 
If  it  is  to  be  for  all  bore  holes,  it  is  a  hardship  on  the  people  drilling 
small  water  wells,  all  over  this  State. 

Chairman  Fohl.  Are  those  water  bores  not  a  menace  to  the  mines 
as  well  as  others?  Isn't  the  case  Mr.  Hall  cited  one  of  that  sort? 
It  is  the  column  of  water  standing  in  the  well  that  is  liable  to  cause 
an  accident,  so  that  these  shallow  holes  might  have  their  own  dan- 
gers as  well  as  the  deep  ones. 

Mr.  Leland.  Is  it  the  thought  that  any  well  driller  drilling  a 
well  must  make  an  application  before  he  is  to  drill  a  hole  ? 

Chairman  Fohl.  If  he  drills  through  a  coal  mine. 

Mr.  Hood.  If  it  is  to  go  into  a  coal  seam,  or  the  likelihood  is  that 
it  would  go  into  a  coal  seam,  he  ought  to  specify  not  only  what  the 
hole  is  for  but  where  it  is  and  what  it  is  likely  to  strike,  no  matter 
whether  it  is  a  water  well  or  an  elevator  hole,  or  whatever  it  may  be. 

Chairman  Fohl.  Or  whether  it  is  for  testing  for  coal  ? 

Mr.  Hood.  Yes.  Then  it  ought  to  be  under  supervision  in  some 
way.  There  may  be  limitations,  but  it  is  the  intent  to  cover  any 
hole  which  might  endanger  a  mine. 

Mr.  Leland.  That  is  just  what  I  want  to  bring  out  I  put  a 
water  well  down  125  feet  and  went  through  two  small  seams  of  coal. 
If  that  is  the  case  everywhere,  the  same  thing  would  apply  every- 
where. 
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Mr.  Hood.  Were  they  workable  seams? 

Mr.  Leland.  That  is  a  matter  of  judgment. 

Mr.  BiGE.  I  am  not  altogether  in  accord  with  my  colleague  in  the 
matter  of  trying  to  cover  either  shallow  wells  or  prospecting  holes 
drilled  only  to  the  horizon  of  a  workable  coal  bed,  with  the  intent  of 
prospecting  the  coal  bed,  or  possibly  in  certain  cases  of  furnishing 
a  vent  for  gas  from  that  coal  bed.  I  think  that  we  had  better  not 
attempt  to  regulate  the  very  large  class  of  holes  that  have  a  very 
different  purpose.  It  seems  to  me  we  had  better  confine  the  sug- 
gested regulations  to  the  deep  wells  that  pass  below  the  workable 
coal  beds.    That  is  my  personal  view. 

Mr.  Hood.  I  know  there  was  some  limitation  in  the  discussion. 
When  we  were  told  that  producing  wells  of  good  quality  had  been 
struck  within  100  feet  of  surface,  and  some  water  wells  would  have 
to  go  considerably  more  than  100  feet,  and  that  either  of  them  might 
go  to  or  through  a  coal  seam  which  is  now  being  mined,  it  seemed 
difficult  to  pick  words  that  would  differentiate  one  from  the  other 
and  protect  the  situation.  So  it  was  put  in  this  form.  I  think  that 
was  the  last  idea. 

Mr.  Bice.  While  I  appreciate  there  are  some  dangers  from  shal- 
low wells  and  also  that  there  are  some  productive  gas  and  oil  wells 
in  the  upper  Carboniferous  series,  yet  I  think  the  chief  dangers  to 
mining  come  from  gas  and  oil  in  the  sands  below  the  workable  coals, 
and  when  you  pass  a  measurable  distance,  say  30  or  40  feet  or  more 
below  the  lowest  workable  coal  seam,  a  bore  hole  then  becomes  one 
which  ought  to  be  covered.  I  feel  it  is  very  doubtful  whether  we 
should  attempt  to  coyer  all  kinds  of  drill  holes  by  the  proposed 
regulations;  it  would  be  a  complicated  subject.  The  matter  of  rec- 
ord of  all  holes  would  be  desirable  from  the  public  standpoint,  but, 
on  the  other  hand,  it  might  cause  serious  trouble  in  the  case  of  pros- 
pecting for  mineral  to  make  the  records  public. 

Chairman  Fohu  It  seems  a  little  difficult  to  make  fish  of  one  and 
fowl  of  another. 

Mr.  Cameron.  Begarding  the  protection  of  the  wells,  we  have 
had  some  experience  with  wells  such  as  Mr.  Taylor  mentioned.  The 
drillers  did  not  always  do  what  they  agreed  to  do.  When  we  deal 
with  good  people  you  get  everj-thing  done  you  could  w'ant,  but  we 
have  had  some  dealings  with  people  that  wouldn't  do  even  what  they 
agreed  to  do.  In  1906  our  mine  No.  3  cut  into  an  abandoned  gas 
well  containing  400  feet  of  water.  The  well  didn't  do  any  damage, 
but  it  frightened  the  men  who  did  not  know  it  was  there.  We  then 
made  an  agreement  with  the  gas  company  that  any  wells  drilled  in 
the  future  would  be  covered  by  an  agreement.  The  company  drilled 
a  well  in  1908,  and  complied  with  the  contract.  It  wanted  to  drill 
a  well  in  1910  and  selected  a  location,  and  we  told  the  company  that 
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location  would  not  do,  as  it  went  down  in  our  gob.  The  company 
said  it  didn't  care;  it  would  look  out  for  that  all  right.  It  went 
through  the  gob,  and  when  it  attempted  to  carry  out  the  contract, 
that  is,  to  cement  between  the  casing  and  the  wall  of  the  well,  it 
could  not.  All  the  cement  went  out  in  the  old  gob,  and  the  company 
applied  to  the  court  for  a  release  from  the  contract.  In  some  in- 
conceivable manner  the  well  was  filled  up  and  at  once  the  company 
went  into  court  and  withdrew  its  bill.  Then  we  went  into  court  and 
filed  a  bill  and  asked  that  the  company  comply  with  its  contract, 
which  we  considered  it  had  not  done.  We  did  not  get  the  release 
we  expected  in  court.  We  had  the  testimony  of  five  mine  inspectors 
that  that  well  was  a  menace  to  our  mine.  It  was  near  an  intake 
airway  and  connected  with  a  room  from  a  butt  entry,  and  the  intake 
airway  will  certainly  draw  the  gas  from  that  oil  well  into  our  mine. 
We  applied  to  the  State  department,  and  threw  the  burden  on  it 
to  stand  between  us  and  the  gas  company. 

Mr.  Layton.  My  idea  is  this:  The  oil  and  gas  people  all  need 
protection;  everybody  needs  it;  the  farmer  needs  it;  he  must  be 
taken  into  consideration  as  well  as  the  oil  and  gas  operator  and  the 
coal  operator.  All  we  want  to  do  is  to  be  able  to  get  the  oil  or  gas 
and  at  the  same  time  be  able  to  put  that  farm  owner  to  the  least 
inconvenience  possible  and  still  safeguard  the  life  of  the  man  who  is 
mining  the  coal.  That  is  the  problem  we  have,  and  the  only  one, 
and  the  one  that  we  must  take  care  of.  How  we  can  do  that  and 
still  put  no  great  burden  on  the  oil  and  gas  man  and  let  the  coal  man 
get  his  product  is  the  question. 

Mr.  Cameron.  We  never  denied  the  right  of  the  gas  company  to 
get  the  gas.  We  want  them  to  get  it,  under  a  certain  restriction.  I 
understand  that  to  be  the  intent  of  this  proposed  set  of  regulations. 

Chairman  Fohl.  We  understand  that  is  the  purpose.  Are  there 
any  further  remarks  ? 

Mr.  Smith.  Regarding  the  suggestion  of  bringing  diamond  drill 
holes  under  the  provisions  of  that  act,  who  is  to  reimburse  the  oper- 
ator who  spends  his  good  money  for  putting  down  those  diamond 
drill  holes  ?  He  spends  his  money,  and  if  it  is  a  question  of  public 
record  it  is  something  he  wishes  to  keep  to  himself,  for  he  is  spend- 
ing a  great  deal  of  money  to  drill  and  to  get  that  information. 

Mr.  Taylor.  It  appears  to  me  that  records  may  be  well  left  in  the 
hands  of  whomsoever  the  State  appoints  to  take  care  of  those  records, 
just  as  much  as  the  affairs  of  our  banks  are  published,  yet  the  details 
ate  kept  secret.  I  do  not  think  there  would  be  any  serious  danger 
arising  from  the  records  becoming  public  property. 

Chairman  Fohl.  It  occurs  to  the  chair  that  the  next  subject  for 
discussion,  if  there  is  no  further  discussion  on  this  subject,  is  one  of 
considerable  importance  and  may  take  up  quite  a  bit  of  time.     It 
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ought  to  be  discussed  with  the  slides  on  the  screen  before  us,  and 
possibly  its  discussion  might  be  postpcmed  until  the  evening  session. 
What  is  the  will  of  the  meeting? 

Mr.  Sice.  I  would  suggest  that  it  would  be  very  desirable  when 
you  have  finished  with  the  general  discussion  that  a  committee  be 
appointed,  which  I  suggest  might  be  formed  from  representatives 
of  the  different  interests  here  represented ;  that  is  to  say,  to  have  two 
or  more  members  from  each  body,  the  coal  operators,  the  State  in- 
spectors, the  gas-well  operators,  the  oil-well  operators,  the  State 
geologists,  and  from  the  Bureau  of  Mines.  My  further  suggestion 
is  that  these  different  interests  select  their  own  representatives  on  the 
committee  and  that  this  committee  go  into  session,  take  up  and  con- 
sider the  different  points  which  have  been  suggested  at  this  conference, 
and  to-morrow  morning  bring  back  a  report  to  this  conference. 
Then  the  conference  could  consider  what  should  be  done  with  the 
report  of  that  committee. 

Chairman  Fohl.  Are  there  any  further  suggestions  in  this  con- 
nection ? 

Mr.  WiiJSON.  If  the  committee  were  as  large  as  indicated  in  Mr. 
Bice's  suggestion,  it  might  include  a  considerable  part  of  the  people 
present.  I  would  suggest  a  smaller  committee,  say,  one  member 
from  each  body.  The  suggestion  of  having  a  committee,  I  believe, 
is  an  admirable  one. 

Chairman  Fohl.  The  chair  had  in  mind  that  possibly  this  dis- 
cussion might  be  concluded  to-night  and  that  such  a  committee 
might  be  selected  to-morrow,  as  then  there  would  be  a  fuller  repre- 
sentation of  the  parties  in  interest.  However,  the  matter  is  in  your 
hands,  and  I  will  entertain  a  motion  in  any  direction  you  choose  to 
move. 

A  Member.  It  seems  to  me  that  a  better  way  to  accomplish  it 
would  be  to  go  through  this  proposed  bill,  discussing  it  now  and  fin- 
ishing it,  and  then  turn  it  over  to  a  committee  for  report  to-morrow 
morning.    That,  it  seems  to  me,  will  be  the  better  course  to  follow. 

Mr.  ScHLUEDERBERO.  I  think  the  point  of  appointing  a  committee 
and  putting  the  work  in  the  hands  of  this  committee  is  all  right  I 
think  it  is  perfectly  proper  that  it  should  be  discussed  fully,  to  give 
the  conamittee  points  to  work  on.  This  is  a  great  question.  The  sub- 
ject is  growing  as  we  get  into  it,  and  it  is  going  to  keep  growing. 
It  is  a  matter  that  can  not  be  cut  off  very  short;  therefore,  it  is 
utterly  impossible  to  turn  the  matter  over  to  a  committee  to-night  and 
have  the  committee  report  to-morrow.  You  have  got  to  give  the 
committee  more  time,  and  I  think  the  matter  should  be  thoroughly 
discussed  here;  but  it  is  impossible  to  come  to  any  conclusion  in  a 
meeting  such  as  this,  so  after  discussion  it  ought  to  be  delegated  to 
a  smaller  committee  for  that  work,  but  give  that  committee  time. 
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Mr.  Leland.  I  agree  with  that,  and  I  think  the  minutes  of  this 
discussion  ought  to  be  available  for  that  committee. 
Mr.  ScHLUEDERBERG.  I  move  that  we  proceed  with  the  discussion. 
The  motion  was  put  to  vote  and  duly  carried. 

PROTECTION  OP  COAL  BEDS. 

Chairman  Fohl.  We  will  now  take  up  the  next  section. 

Mr.  Hood  thereupon  read  the  next  section  relating  to  casing  off 
surface  water,  as  follows : 

IS.    CASING    OFF    SURFACE    WATER. 

Any  bore  hole  penetrating  any  workable  senm  of  coal  Bhall  be  cased  by  tbe 
owner  of  tbe  bore  bole  with  a  suitable  casing  (conductor  or  drive  pipe)  so  as 
to  sbut  off  all  surface  water  from  entering  tbe  coal  seam. 

Mr.  Hood,  It  is  to  be  drilled  to  a  point  20  feet  below  the  lowest 
workable  seam  of  coal  that  is  being  worked  in  the  district,  the  idea 
being  to  get  far  enough  down  so  that  in  case  of  any  movement  of 
the  strata  through  mining,  there  would  be  no  tilting  of  the  casing 
but  the  ground  should  have  a  good  grip  on  it  and  a  true  seat  should 
be  furnished.  The  several  State  laws  vary  from  10  to  50  feet  as  to  tlie 
distance  of  the  seat  below  the  seam.  There  seems  to  be  no  particular 
reason  for  these  differences,  the  idea  in  each  being  that  of  seating 
the  casing  some  distance  below  the  coal.  The  idea  of  specifying  a 
metal  casing  not  less  than  one-quarter  of  an  inch  in  thickness  is  to 
have  a  reasonably  thick  casing  and  yet  not  so  thick  as  standard 
iron  pipe,  the  thickness  retarding  corrosion.  The  space  between 
the  casing  and  the  wall  of  the  bore  hole  is  made  as  small  as  we 
thought  it  possible  to  be  to  get  a  tight  filling  of  clay  between  the 
casing  and  the  surrounding  bore  hole.  That  explains  the  4  inches 
difference  in  diameter.  Some  scheme  should  be  adopted  to  keep 
the  pipe  centered  in  the  hole  so  that  the  packing  shall  be  on  all  sides 
of  it  and  we  can  be  certain  that  the  packing  extends  to  the  surface, 
so  that  there  is  a  complete  seal  between  the  casing  and  the  wall  of 
the  bore  hole.  The  second  inner  casing,  4  inches  in  diameter,  shall 
extend  10  feet  below  the  first  casing,  the  difference  in  diameter 
being  enough  to  get  a  good  pack  between  the  two.  The  extension 
of  10  feet  below  the  outer  casing  is  sufficient  to  make  it  more  diffi- 
cult for  a  leak  to  extend  under  the  seat  of  the  inner  casing  into  the 
space  between  the  two  casings.  The  filling  was  specified  to  be  of 
clay  rather  than  of  cement  mortar  because  it  was  believed  that  the 
clay  would  pack  tighter  and  in  any  movement  of  the  ground  would 
not  crack  but  would  flow  and  pack  tightly;  that  if  the  ground 
moved,  the  stresses  would  not  be  localized  and  would  not  tend  to 
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cause  local  shear  or  break,  but  a  gradual  bend  in  fhe  pipes.  These 
are  the  ideas  intended  to  be  brought  oiit  by  this  wording. 

Chairman  Fohl.  Are  there  any  remarks  on  this  section  ? 

Mr.  Crocker.  In  regard  to  the  diameter  of  the  casing  being  4 
inches  less  than  that  of  the  bore  hole,  we  are  drilling  places  where  the 
Pittsburgh  bed  is  1,000  feet  deep.  We  put  in  our  10-inch  casing  there. 
Suppose  there  were  a  lower  bed  200,  300,  or  400  feet  under  that. 
The  proposed  wording  calls  for  another  casing  4  inches  less  in  diam- 
eter. In  order  to  complete  a  well  taking  1,000  feet  of  10-inch  casing, 
we  would  have  to  start  with  16  or  18  inch  casing.  If  the  well  is 
properly  plugged,  such  precaution  is  useless.  The  expense  would  be 
such  that  we  could  not  stand  it. 

Mr.  Hood.  Is  that  lower  coal  being  worked  in  that  neighborhood  ? 

Mr.  Crocker.  No;  but  it  might  be  10  or  16  or  60  years  hence. 
Probably  we  shall  be  away  from  there  long  before  it  is  worked ;  but 
if  the  proposed  law  is  placed  on  the  statutes,  we  are  expected  to  obey 
it.  Where  a  well  is  properly  plugged  I  do  not  believe  there  is  any 
danger. 

Mr.  Hood.  The  only  way  you  can  avoid  that  is  to  leave  the  determi- 
nation of  what  is  a  workable  seam  of  coal  in  the  hands  of  some  per- 
son who  would  be  reasonable  about  it.  For  the  specific  case  which 
was  mentioned  I  do  not  know  whether  any  State  geologist  would 
say  that  that  was  a  workable  seam  of  coal  within  the  intent  of  this 
acL  If  not,  the  driller  would  not  have  to  put  down  a  16-inch  hole  to 
that  great  depth.  If,  however,  there  is  a  workable  bed  of  coal,  some 
protection  ought  to  be  given.  "When  they  work  that  bed  1,000  feet 
or  more  in  depth,  then  these  unfortunate  beings  many  years  hence 
who  may  have  to  drill  holes  while  the  seam  is  being  worked  may  be 
required  to  make  some  such  arrangement  as  is  called  for. 

Mr.  Crocker.  If  the  requirement  is  going  to  be  put  in  the  form  of 
legislation,  ought  not  the  term  "  workable  bed  of  coal "  to  be  defined, 
so  as  to  make  the  law  definite  ? 

Mr.  Hood.  We  thought  we  would  make  the  State  geologist  the 
definer  of  a  workable  seam  of  coal  in  any  case. 

Mr.  CuMMENGS.  Isn't  that  putting  it  into  the  power  of  the  State 
geologist  to  make  or  destroy  millions  of  dollars  worth  of  property  in 
this  State? 

Mr.  MoLYNEAUX.  If  the  coal  seam  is  what  we  call  a  workable  seam 
to-day,  the  Pittsburgh  coal,  which  ranges  from  6  to  8  feet  in  thick- 
ness, is  the  only  bed  that  is  worked  in  this  vicinity ;  but  on  the  other 
side  of  the  Allegheny  River  and  a  little  farther  north  the  Freeport 
seam,  which  is  not  nearly  so  thick,  is  being  worked.  We  know  that 
the  Freeport  seam  underlies  the  Pittsburgh,  and  there  are  other 
workable  seams  underneath ;  that  is,  they  are  of  workable  thickness, 
which  is  largely  the  intent  of  the  wording  here.    Whether  these 
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lower  beds  will  be  worked  within  the  life  of  the  gas  or  oil  field, 
within  this  district,  might  be  another  proposition.  I  think  it  would 
not  be  well  to  have  the  act  cover  those  lower  deposits,  which  will 
probably  not  be  worked  for  50  or  75  years,  when  the  oil  and  gas  in 
the  vicinity  will  be  completely  exhausted.  If  those  measures  are 
worked  at  that  time,  the  records  will  show  where  these  wells  are,  and 
proper  precaution  can  be  taken.  I  think  it  would  be  a  serious  bur- 
den on  the  driller  to  have  to  case  down  to  those  lower  depths  at  this 
time,  where  the  probability  is  largely  against  the  coal  being  in  the 
market  in  the  lifetime  of  the  oil  or  gas. 

Mr.  Rice.  I  think  any  committee  appointed  will  be  glad  to 
have  a  discussion  of  this  point,  which  was  one  of  the  most  difficult 
things  we  had  to  consider,  because  we  realized  that  what  is  commer- 
cially workable  to-morrow  might  not  be  ccmimercially  workable  to- 
day. Southwest  of  Pittsburgh,  where  the  Pittsburgh  coal  is  deeper 
and  may  be  underlain  by  the  Freeport  and  other  seams,  it  is  not 
probable  that  within  this  generation,  or  perhaps  the  next  one,  the 
Freeport  coal  will  be  worked,  even  if  it  is  of  workable  thickness. 
Yet  we  can  not  tell  when  deep  mines  may  be  started,  I  admit. 

Mr.  Layton.  I  should  like  to  know  how  you  can  puddle  that  clay 
down  the  outside  and  between  the  casings. 

Mr.  Hood.  I  would  rather  have  Mr.  Heggem  answer  that  question. 

Mr.  Heooem.  Clay  can  be  mixed  with  water  so  that  the  water  will 
carry  about  40  per  cent  of  solids,  and  this  fluid  mixture  will  flow 
into  small  crevices.  It  can  be  put  in  as  fluid,  either  through  another 
pipe  lowered  to  the  bottom,  or  by  means  of  a  bailer,  or  by  being 
poured.  As  regards  pouring  from  the  top,  there  is  some  doubt  as 
to  whether  the  clay  will  bridge,  but  it  can  be  poured  down  through 
a  smaller  tube.  A  provision  is  made  in  these  suggestions  that  the 
first  string  of  casing  need  not  be  set  in  the  cement,  whereas  the 
second  string  of  casing  is  set  in  the  cement.  The  cement  does  not 
come  up  to  the  shoe  of  the  first  string  of  casing.  That  permits 
the  second  or  inner  string  of  casing  to  be  put  in  first,  and  gives  a 
larger  space,  not  less  than  4  inches,  on  each  side  of  the  second 
casing  in  which  to  introduce  a  2-inch  tube  and  force  the  clay  down. 
After  the  clay  is  put  in  it  will  settle.  It  may  be  allowed  to  settle 
immediately,  or  it  may  be  kept  in  suspension  for  a  longer  or  shorter 
period.    While  it  is  still  soft  the  first  or  outer  casing  can  be  put  in. 

Mr.  HicE.  What  will  you  do  in  case  of  striking  a  flow  of  water? 
The  water  will  probably  rise  to  the  top,  or  the  clay  will  not  settle 
through  the  water. 

Mr.  Heooem.  You  can  make  the  day  settle. 

Mr.  Hood.  That  question  was  asked  of  a  clay  expert  We  had 
a  little  doubt  as  to  how  that  clay  would  act,  and  we  asked  him 
this  question :  ^^  If  a  clay  is  puddled  and  introduced  into  a  pipe  or 
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a  space  like  this,  how  long  will  it  take  to  settle?  Is  it  a  matter  of 
minutes,  or  days,  or  months,  or  years  ?"  He  replied :  "  You  can  make 
the  time  anything  you  want;  if  the  solution  is  accidulated  precipita- 
tion is  rapid,  if  the  solution  is  alkaline  the  clay  can  be  held  in  suspen- 
sion for  a  considerable  time."  It  is  a  matter  of  manipulation.  The 
amount  of  acid  required,  the  degree  of  acidulation,  is  very  mild  in- 
deed. It  takes  only  a  little  acid  to  settle  the  clay.  Dr.  Bleininger, 
of  the  Bureau  of  Standards,  is  my  authority. 

Mr.  HiGE.  I  agree  with  him,  but  under  the  peculiar  conditions, 
with  quite  a  number  of  years'  experience  in  the  clay  business,  I  do 
not  think  that  clay  so  settled  would  have  sufficient  density  to  ac- 
complish the  desired  result,  but  think  it  would  largely  adhere  to 
the  sides  or  the  walls  of  the  pipes,  in  the  way  clay  does  in  casting 
ware. 

Mr.  Hood.  Would  that  be  true  with  any  considerable  hydraulic 
pressure? 

Mr.  HicE.  Undoubtedly  so.    Clay  wares  are  cast  under  pressure. 

Mr.  Haix.  What  you  get  would  be  flocculence.  Of  course,  the 
probability  is  that  the  water  down  there  is  acid  with  hydrochloric 
acid  from  the  well,  but  I  do  not  think  you  would  get  much  more 
than  flocculence. 

Mr.  HiCE.  Clay  so  settled  would  be  very  different  from  puddled 
clay.     It  would  be  more  like  soft  slime. 

Mr.  Hood.  I  would  like  to  ask  Mr.  Heggem  whether  this  method 
is  being  followed  in  any  case  that  he  can  think  of;  that  is,  the  use 
of  clay  for  filling  holes  such  as  this  ? 

Mr.  Heooem.  Clay  is  being  used  in  drilling  oil  wells  chiefly  in 
Louisiana,  Texas,  and  California.  It  is  used  in  various  degrees  of 
fluidity.  Perhaps  I  might  cite  Louisiana,  where  oil  is  found  below  the 
gas.  A  driller  may  strike  gas  at  750  or  800  pounds  pressure.  He 
has  safety  appliances  to  control  that  gas,  and  on  top  of  the  inner 
casing  he  mounts  a  gate  valve  and  puts  about  40  feet  of  pipe  above 
that  valve,  and  another  gate  valve  on  top  of  that.  Then  he  closes  the 
lower  valve,  fills  between  the  valves  with  thick  mud  or  clay,  closes 
the  upper  valve  and  opens  the  lower  valve,  and  the  clay  slides  down 
into  the  well.  This  operation  is  repeated  until  the  pressure  of  gas  is 
entirely  removed.  Muddy  water  is  pumped  down  then  to  finish  the 
job;  the  driller  then  proceeds  with  his  drilling,  and  is  not  bothered 
with  gas  coming  in.  As  to  clay  being  used  in  the  way  we  have  sug- 
gested, I  do  not  know  of  a  case.  We  are  simply  making  the  sug- 
gestion. 

Mr.  Db  WoLr.  Would  sand  pumpings  fill  the  bill  just  as  well? 

Mr.  Cameron.  I  think  it  would,  rather  better.  I  believe  it  is  the 
same  withr cement.  In  cementing  our  casing  through  the  coal,  we  are 
drilling  our  holes  to  the  proper  deptli,  filling  the  hole  until  we  get 
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above  the  coal  at  the  proper  depth,  and  then  are  forcing  the  casing' 
down  to  the  bottom  of  the  well,  bailing  the  cement  out  of  the  casing 
and  pouring  it  down  the  outside.  In  this  way  you  know  that  the 
cement  is  in  the  proper  place,  whereas  if  you  pour  it  in  first,  you  do 
not  ki^ow  where  it  stops. 

Mr.  Hood.  Your  preference  then  would  be  to  put  in  cement ;  that  is, 
1  to  2  mortar? 

Mr.  Cameron.  Yes;  and  then  fill  in  between  the  casing  and  the 
side  of  the  hole;  for  the  latter  purpose  sand  pumpings  would  probably 
be  just  as  good.     Sand  pumpings  get  as  hard  as  slate. 

Mr.  CoRRiN.  In  several  localities  you  get  gas  at  four  or  five  dif- 
ferent levels,  and  we  may  be  using  three  or  four  different  pipes.  If 
you  have  two  casings  to  start  with,  you  might  have  five  or  six  sands 
to  reach,  carrying  different  pressures  of  gas.  Start  a  hole  with  18- 
inch,  and  you  never  in  the  world  could  get  down  to  the  lower  sand. 
We  are  cementing  wells  now  about  990  feet  deep,  and  put  10-inch 
pipe  in,  and  I  know  we  could  not  put  in  larger  sized  pipe  at  all. 

Mr.  Hood.  It  may  be  that  the  gentlemen  have  other  suggestions; 
if  so,  suggestions  are  exactly  what  we  want.  If  any  one  who  does 
not  care  to  discuss  it  now  will  send  a  sketch  or  written  memorandum 
later,  we  shall  certainlj^  be  glad  to  have  it. 

Mr.  Rice.  We  might  invite  Dr.  Bleininger  to  be  here.  He  has  had 
very  wide  experience  with  clays  and  is  regarded,  I  think,  as  an 
authority  on  clay  working. 

Mr.  HiCE.  There  is  no  question  as  regards  settling  by  acidulation* 

Mr.  Taylor.  It  may  be  a  matter  of  interest  here  to  read  to  you  part 
of  an  agreement  that  we  had  with  a  number  of  gas  companies  in  the 
way  of  plugging  and  cementing  wells,  which  they  have  agreed  to  do. 
When  a  well  is  abandoned  the  2-inch  pipe  from  below  the  coal  bed  to 
the  surface  is  for  a  vent,  so  that  there  will  be  no  pressure  upon  the 
coal.  We  have  found  trouble  in  complying  with  the  requirements 
in  casing  a  hole,  or  at  least  in  getting  what  we  considered  good  work. 
Frequently  the  space  between  the  casing  and  the  walls  of  the  well  is 
filled  with  water,  and  if  the  cement  is  poured  in  at  the  top  the  cement 
and  sand  separate,  and  there  is  only  a  sand  filling  at  the  bottom.  If 
a  pipe  about  1-inch  or  IJ-inch  were  inserted  outside  of  the  casing, 
the  cement  can  be  forced  with  compressed  air  clear  to  the  bottom,  and 
the  pipe  can  be  lifted  and  the  hole  filled  in  a  perfectly  satisfactory 
manner.  We  would  be  entirely  safe  if  the  cementing  were  done  in 
that  way,  since  the  space  between  the  rock  and  the  casing  would  be 
thoroughly  cemented.  This  takes  care  of  only  the  Pittsburgh  coal. 
To  carry  such  cementing  to  a  greater  depth  would  be  a  hardship  on 
the  oil-well  people,  one  that  I  do  not  see  how  you  could  overcame. 
To  carry  out  the  method  to  1,000  feet  or  1,200  feet,  I  think,  would  be 
impracticable. 
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Mr.  Layton.  There  is  no  great  objection  to  this  part  of  his  agree- 
ment, but  there  is  another  section  immediately  following  that  that 
might  be  of  interest.    I  wish  you  would  read  that. 

(Mr.  Taylor  read  further  in  the  contract) 

Mr.  Layton.  The  only  objection  we  had  to  this  agreenMaat-  was 
just  a  little  rider,  as  I  call  it,  that  we  were  to  save  th^n  harmless 
from  all  water  and  everything  else  forever,  in  addition  to  the  fea- 
tures mentioned.  There  is  one  thing  we  want,  speaking  for  myself 
individually,  and  that  is  a  reasonable  method.  We  want  a  method  for 
plugging  abandoned  wells  under  a  just  and  fair  inspection.  Now,  is 
it  possible  to  eliminate  some  of  the  details  mentioned  and  put  the 
matter  in  the  hands  of  a  disinterested  department  that  would  give 
us  proper  results? 

Mr.  De  Wolf.  In  connection  with  committee  work  I  wonder 
whether  we  have  proceeded  far  enough  in  the  reading  of  this  propo- 
sition so  that  such  a  committee  might  find  it  convenient  to  begin  its 
work  this  evening. 

Mr.  Rice.  I  think  we  should  have  a  committee  which  should  report 
to-morrow,  although  I  believe  there  is  much  to  be  discussed. 

Mr.  HiCE.  If  anything  is  to  be  done  it  ought  to  be  whipped  into 

shape  so  that  it  could  be  presented  to  the  legislatures  promptly. 

Some  of  the  legislatures  in  session  now  will  adjourn  eatly  in  March. 

Mr.  Hood.  It  will  be  better  to  have  it  right  than  to  hurry  it. 
******* 

Mr.  Rice.  We  should  try  to  get  everybody  out  to-morrow  morning, 
and  to  then  appoint  a  committee  which  might  proceed  to-morrow 
afternoon  to  lay  the  framework  or  at  least  arrange  an  organization, 
so  that  those  who  could  not  attend  might  present  a  written  discussion. 
The  committee  might  then  assemble  at  a  later  date  and  report  back 
to  the  adjourned  body. 

Mr.  ScHLUBDEEBERO.  I  would  like,  as  Mr.  Rice  suggests,  to  hurry 
this  along,  but  it  is  too  big  a  question  to  rush.  We  have  got  entirely 
too  much  to  do.  There  are  too  many  interests  to  consider.  We  have 
to  consider  not  only  the  coal  interests  but  the  oil  and  gas  interests 
and  numbers  of  others.  We  have  been  working  on  this  thing  with 
our  own  gas  wells  in  connection  with  coal  mines  for  the  last  20 
or  25  years.  Things  are  going  on  that  are  not  exactly  right,  and  we 
can  not  make  them  right  in  a  week.  This  is  not  a  matter  of  days ;  it 
is  a  matter  perhaps  of  weeks. 

On  motion  of  Mr.  Schluederberg,  adjournment  was  had  until  10 
o'clock  Saturday  morning. 

The  Saturday  morning  session  was  called  to  order  by  Chairman 
Fohl,  who  stated  that  one  of  the  gas  companies  had  handed  in  a 
plan,  showing  a  method  of  protecting  a  well,  and  asked  Mr.  Corrin 
to  make  what  explanation  was  necessary  in  connection  with  slides 
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thrown  on  the  screen.     [The  plan  showed  a  bore  hole  through  a  coal 
bed  to  a  series  of  gas  sands.] 

Mr.  CoRRiN.  There  is  not  very  much  explanation.  It  gives  the 
plan  of  sinking  a  16-inch  hole  15  feet  below  the  bottom  of  Uie  Pitts- 
burgh seam  of  coal,  and  then  putting  a  shoe  at  the  bottom  of  the 
10-inch  casing  and  inserting  the  lO-inch  casing.  The  shoe  is  to  keep 
the  10-inch  casing  in  the  center  of  the  hole,  so  that  the  cement  will 
be  equally  distributed  around  the  casing.  Before  the  cement  is 
put  in,  the  hole  is  drilled  100  feet  below  the  bottom  of  the  Pittsburgh 
coal.  The(  idea  is  that  if  you  put  the  cement  in  first  and  drill 
through,  you  will  break  the  shoulder  off.  If  you  drill  the  10-inch 
hole  through  before  cementing,  and  put  in  thin  concrete,  there  will 
be  no  danger  of  breaking  it  at  the  bottom.  Then  cement  is  poured 
in  to  about  50  feet  above  the  top  of  the  Pittsburgh  coal,  and  allowed 
to  stand,  and  afterward  sand  pumpings  are  put  on  top  of  the. cement 
to  the  surface.  This  explanation  is  practically  shown  on  the  next 
slide. 

Mr.  Rice.  May  I  ask  if  the  space  between  the  inner  and  outer 
casings  has  a  vent  to  the  outside? 

Mr.  CoRRiN.  That  is  where  we  generally  take  out  the  gas  coming 
from  the  upper  sand.  We  sometimes  get  a  little  gas  between  the 
10-inch  casihg  and  the  hole,  but  generally  there  is  a  vent  into  the 
low-pressure  line. 

Mr.  Rice.  The  shoe  may  be  under  some  small  pressure? 

Mr.  CoRRiN.  Yes. 

Mr.  Rice.  Do  you  have  an  automatic  relief  valve,  that  is,  one 
that  will  lift  at  a  certain  pressure?  Suppose  there  is  a  sudden  out- 
burst of  any  sort,  how  would  you  keep  that  gas  from  forcing  its 
way  up  under  the  shoe  ? 

Mr.  CoRRiN.  The  low-pressure  line  would  take  care  of  that,  but 
there  is  not  a  complete  vent  straight  through;  that  never  could  be. 
The  low-pressure  line  is  one  that  has  little  or  no  pressure  on  it. 

Mr.  FoHL.  Is  there  not  a  vent  between  the  10-inch  and  the  next 
pipe  always? 

Mr.  CoRRiN.  Yes,  sir;  practically. 

Mr.  Hood.  There  is  a  low  pressure  in  there? 

Mr.  CoRRiN.  There  would  be  only  1  or  2  pounds. 

Mr.  Rice.  Doesn't  it  give  the  opportunity,  though,  for  s<Hne  man, 
not  intentionally,  to  close  the  vent,  so  that  there  will  not  be  a  vent 
to  the  outside? 

Mr.  CoRRiN.  That  did  happen  once. 

Mr.  Rice.  That  would  be  an  objection  to  that  particular  system. 

Mr.  Moore.  Don't  you  usually  take  the  gas  up  in  another  pipe  in- 
side of  that  10-inch  ? 
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Mr.  CoRRiN.  Yes;  there  is  a  10-inch  casing  put  in  and  inside  of 
that  an  8^-inch  and  inside  of  that  a  6^-inch  and  the  high-pressure 
gas  comes  then  in  a  5-inch  pipe  inside  of  that. 

Mr.  Moose.  Do  you  take  gas  up  in  the  10-inch  casing  ? 

Mr.  CoRBiN.  Yes;  that  would  be  merely  surface  g»s. 

Mr.  De  Wolf.  What  is  the  extreme  depth  you  carried  this  method? 

Mr.  CoRBrN.  The  deepest  I  know  is  990  feet. 

Mr.  De  Wolf.  Is  that  handled  by  a  16-inch  hole  all  the  way  ? 

Mr.  CoRRiN.  A  16-inch  hole  clear  down  to  50  feet  below  the  coal. 
The  higK-pressure  gas  always  comes  between  the  5-inch  and  the  tub- 
ing. The  only  gas  that  would  come  up  in  the  10-inch  would  be  the 
shallow  gas  with  a  very  low  pressure. 

The  second  slide  contains  the  following  written  explanation : 

"  Drill  a  16-inch  hole  50  feet  below  the  coal.  Then  stop  and  insert 
a  10-inch  casing  with  a  shoe,  or  a  swedge  nipple,  at  the  bottom,  in 
order  that  the  casing  may  be  certain  to  fit  in  the  center  of  the  hole. 
Before  doing  anything  more,  or  doing  any  cementing,  drill  a 
smaller  hole  100  feet  below  the  point  where  the  10-inch  casing  rests. 
Then  insert  cement  on  the  outside  of  the  10-inch  casing  so  that  it 
will  come  to  SO  feet  above  the  top  of  the  Pittsburgh  coal ;  then  after 
the  cement  has  set  fill  to  the  surface  of  the  ground  with  sand 
pumpings;  after  the  10-inch  casing  has  been  inserted,  and  before 
starting  to  drill  the  hundred  feet  above  mentioned,  provide  some  pro- 
tection for  the  space  between  the  10-inch  casing  and  the  wall  of  the 
16-inch  hole,  so  that  no  sand  pumpings  or  other  foreign  matter  will 
get  into  it  before  the  cement  has  been  inserted.  The  idea  of  drilling 
a  smaller  hole  100  feet  deeper,  after  the  10-inch  casing  has  been 
inserted,  is  to  prevent  any  breaking  of  the  cement  by  the  hammer 
of  tools  on  the  casing  in  drilling." 

Mr.  Hood.  Why  is  it  50  feet  above  instead  of  any  other  amount? 

Mr.  CoBRiN.  It  is  merely  a  matter  of  judgment. 

Mr.  Hood.  I  should  like  to  know  whether  any  casing  thus  protected 
has  ever  been  uncovered  in  coal  mining,  so  that  anyone  knows  in 
what  shape  that  3-inch  coating  of  cement  is,  whether  it  is  really 
intact. 

Mr.  CoBRiN".  We  insert  the  cement  through  a  2-inch  pipe  put  down 
to  the  bottom  of  the  hole  and  worked  around  the  casing.  As  it  fills 
the  casing  the  pipe  is  gradually  raised.  The  idea  is  to  try  to  dis- 
tribute that  cement  evenly  around  the  casing. 

Mr.  Hood.  Those  who  have  worked  with  considerable  quantities  of 
cement  know  that  it  sometimes  swells  and  sometimes  shrinks,  and 
you  are  not  always  sure  just  what  does  happen,  and  it  is  rather 
difficult  to  get  a  job  of  cement  that  has  a  perfectly  clean  face.  In 
this  case  it  seems  to  me  it  is  questionable  as  to  whether  the  cement 
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really  gets  in  and  whether  the  cenient  is  water-tight.  Personally  I 
am  inclined  to  be  doubtful. 

Mr.  Watters.  In  regard  to  that  shoe,  how  much  larger  in  diameter 
would  it  be  than  the  collar  of  the  10-inch  casing,  or  what  space  would 
there  be  between  the  casing  and  the  shoe,  and  might  the  cement  get 
away  from  you  at  that  place? 

Mr.  CoRRiN.  The  shoe  is  intended  to  be  just  large  enough  to  go 
down  in  the  hole;  to  have  the  same  diameter  as  the  hole. 

Mr.  Wattebs.  How  about  the  collar  passing  the  casing?  The 
collar  would  have  to  pass  through  this  shoe. 

Mr.  CoRRiN.  The  shoe  is  on  the  outside  of  the  casing. 

Chairman  Fohl.  Are  there  any  further  questions?  If  not,  we  will 
proceed  with  the  discussion  of  the  paper. 

Mr.  Db  Wolf.  May  I  ask  a  question  of  the  last  speaker?  I  sup- 
pose, of  course,  there  would  be  some  economy  if,  on  abandonment  of 
the  well,  it  would  be  practicable  to  cut  that  10-inch  casing  50  or  60 
feet  above  the  coal  vein  and  pull  it  out,  or  is  it  necessary  to  leave  it 
all  in  ?    In  Illinois  we  have  always  left  it  in. 

Mr.  CoRRiN.  I  do  not  see  why  it  could  hot  be  cut  with  a  right  and 
left  hand  thread  and  screwed  off  above  the  coal. 

Mr.  Hood  then  read  the  paragraph  entitled  "  Casing  Through 
any  Coal  Seam,"  as  follows: 

(19)    CASINO  THROUGH   ANT  COAL  SEAM. 

Any  bore  hole  driUed  for  gas,  oil.  or  other  mineral  shall  be  drilled  to  a  point 
«t  least  20  feet  below  any  workable  seam  of  coal  that  may  be  penetrated  and 
receive  a  metal  casing  not  less  than  I  inch  in  thickness  and  of  an  inside  diameter 
4  inches  less  than  the  diameter  of  the  bore  hole.  This  casing  shall  be  concen- 
trically seated  on  the  bottom  of  the  hole,  shall  extend  to  the  surface,  and 
shall  be  known  as  the  first  casing. 

A  second  inner  casing  4  inches  less  in  diameter  shall  extend  at  least  10  feet 
below  the  first  casing  and  shall  be  seated  in  9  feet  of  cement  mortar  composed 
of  one  part  Portland  cement  and  two  parts  sand.  The  inside  of  the  second 
casing  shall  be  open  to  the  atmosphere  its  full  length. 

The  Intervening  spaces  between  the  second  and  the  first  casings  and  betweoi 
the  first  casing  and  the  bore  hole  or  outer  wall  shall  be  filled  with  puddled  clay 
to  a  height  of  30  feet  above  the  coal  seam. 

The  idea  of  this  is  that  a  central  casing  going  through  and  accessi- 
ble from  the  excavation  might  be  rapidly  corroded  at  ihe  floor, 
where  water  would  flow.  It  might  get  through  into  the  2-inch  space 
inside  left  for  the  clay ;  so  to  protect  the  out^de  casing  from  corrosion 
a  wall  is  put  up,  with  a  2- inch  space  between  that  wall  and  the  casing, 
to  be  filled  with  puddled  clay.  In  order  that  this  may  not  act  as  a 
mine  pillar  in  any  place  where  it  is  not  wanted,  the  inclosing  wall  is 
made  small. 

Chairman  Fohu  Are  there  any  remarks  or  discussion  ? 
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Mr.  Hall.  I  do  not  believe  that  the  discussion  of  the  previous 
subject  was  really  finished.  The  main  feature  of  the  suggestion  of 
the  Bureau  of  Mines,  outside  of  that  of  having  a  vent  inside  the 
outer  or  first  casing,  is  that  the  use  of  clay  between  the  casing  and 
the  sides  of  the  bore  hole  provides  a  certain  elasticity  or  flexibility. 
I  think  the  point  is  well  taken.  I  think  that  what  the  coal  operator 
has  demanded  in  the  past  has  been  a  perfectly  rigid  hole,  whicH  is 
the  very  thing  he  does  not  want.  When  we  are  dealing  with  masses 
of  rock,  the  weight  of  which  may  run  anywhere  from  4,000,000  to 
9,000,000  tons,  such  rigidity  as  the  operator  has  been  demanding  and 
getting  by  a  few  paltry  inches  of  concrete  and  a  small  iron  pipe  is 
wholly  inadequate.  And  whether  that  proposition  of  the  Bureau  of 
Mines  does  really  give  sufficient  flexibility  is  open,  I  think,  to  ques- 
tion, in  view  of  the  fact  that  it  proposes  that  there  shall  be  a  differ- 
ence between  the  diameters  of  the  two  pipes  of  only  4  inches.  That 
means,  you  see,  that  there  will  be  a  difference  of  only  2  inches  on 
either  side,  but  as  the  couplings  will  take  up  three-fourths  of  an 
inch  on  each  side,  the  size  of  the  couplings  varies  a  great  deal  with 
the  kind  of  casing,  thus  reducing  the  thickness  of  clay  to  IJ  inches. 
That  seems  to  me  to  be  wholly  inadequate,  and  it  seems  to  me  that  it 
is  really  necessary  to  consider  what  does  happen  when  any  movement 
of  the  strata  takes  place.  When  a  body  of  rock  rotates  about  the 
edge  of  the  coal  pillar,  say  15  feet  long,  *  *  *  there  must  be 
some  considerable  sheering  at  certain  specific  points.  The  question 
is  whether  it  would  be  possible  to  give  a  certain  degree  of  flexibility. 
My  suggestion  is  to  drill  a  hole  somewhat  larger  than  was  suggested, 
and  to  lower  into  it  a  spiral  riveted  pipe  of  a  diameter  possibly  2 
inches  less  than  that  of  the  hole.  That  spiral  riveted  pipe  would  not 
cost  much  and  would  not  last  long,  but  it  is  not  intended  for  any- 
thing more  than  a  form.  l*his  should  be  filled  up  with  concrete  or 
cement  mortar  in  such  shape  that  it  would  be  possible  afterwards  to 
put  in  clay  grouting;  then  put  in,  say,  an  8-inch  tube,  at  least  lees 
than  the  diameter  of  this  outer  pipe ;  the  clay  not  to  be  put  in  pud- 
dled, but  in  an  intermediate  size.  The  size  would  be  a  matter 
of  determination,  but  we  will  say  up  to  No.  3  buckwheat,  without 
large  pieces  and  no  excessively  fine  stuff  that  would  not  settle.  Then 
there  would  be  a  chance  for  the  whole  pipe  to  move  somewhat. 
Otherwise,  with  only  an  inch  and  a  quarter,  as  now  provided  by  the 
bureau's  suggestion,  there  might  not  be  sufficient  flexibility. 

Several  other  things  connected  with  the  breaking  of  measures  are 
interesting.  If,  for  instance,  you  put  a  beam  across  two  piers  and 
hang  a  pipe  from  it,  as  soon  as  the  beam  begins  to  bend  it  lowers 
the  pipe  down  into  the  opening,  and  there  may  be  considerable  strain 
on  thfe  pipe  if  it  is  not  properly  centered  in  the  hole,  but  if  it  is  hung 
in  the  center  there  will  be  hardly  any  strain.    I  think  the  important 
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suggestion  made  by  the  Bureau  of  Mines  is  that  we  should  have  a  clay 
face  so  that  the  pipe  can  slide.  Anything  that  is  rigid  is  the  worst 
thing  that  the  coal  operator  could  ask  for,  because  the  barrier  he  is 
trying  to  put  up  is  totally  inadequate  for  the  purpose  for  which  it 
is  designed. 

Mr.  Moore.  I  think  there  is  one  feature  that  Mr.  Hall  has  over- 
looked— ^that  is,  the  possibility  of  a  lateral  movement  in  the  strata 
over  the  coal  which,  as  any  mining  man  knows,  is  of  frequent  oc- 
currence; not  necessarily  a  general  squeeze  of  a  section  of  a  mine, 
but  you  haven't  any  assurance  that  an  entire  piece  of  roof  150  feet 
long  will  fall  down  vertically.  It  may  not  be  150  feet,  it  may  be  80 
feet  long,  and  when  it  drops  it  is  just  as  liable  to  slide  a  little  to  one 
side  as  to  fall  straight  down.  I  do  not  subscribe  to  the  theory  of 
taking  coal  out  around  that  hole.  I  may  be  a  standpatter,  but  I  am  in 
favor  of  a  rigid  support  around  the  casing  for  the  simple  reason 
that  a  squeeze  is  one  of  the  meanest  things  you  have  to  contend  with 
in  a  coal  mine,  and  no  matter  how  good  your  mining  practice  if  you 
get  any  lateral  motion  whatever,  as  you  may  have  with  all  the  coal 

out  around  that  well,  it  will  cut  any  number  of  strings  of  casings 
or  any  amount  of  cement  or  clay  that  you  might  put  in  there,  as  a 
pair  of  shears  clips  a  string. 

Mr.  Crocker.  AVhy  is  the  clay  put  in?  If  you  want  move- 
ment why  not  leave  it  out  entirely?  The  clay  stuffs  the  hole  to  a 
certain  extent. 

Mr.  Hood.  Relative  to  these  questions  of  horizontal  shear  that 
may  be  applied  to  such  pipe  as  that  mentioned,  it  is  very  easy  to  get 
all  sorts  of  stresses  sufficient  to  cut  a  pipe  right  in  two.  We  have 
been  looking  for  some  evidence  that  that  has  ever  happened  and  we 
have  not  been  able  to  find.it.  Those  who  make  a  practice  of  testing 
materials  know  that  it  is  vei-y  difficult  to  get  a  true  sheav  of  any  ma- 
terial. Two  planes,  sliding  one  on  the  other,  must  come  close  together. 
What  we  actually  get  is  a  bending  with  a  short  lever,  because  that 
is  what  occurs  in  most  shears.  In  the  case  of  a  rock  shear,  such  as 
we  are  considering,  it  is  just  a  question  of  how  long  that  lever  is. 
Maybe  that  lever  will  be  increased  by  a  clay  pack.  It  means  that 
the  stress  will  be  distributed  around  the  tube  that  is  to  be  sheared, 
when  if  there  is  nothing  in  there  at  all  the  two  planes  might  come 
closer  together  and  make  a  shorter  bearing.  That  is  one  of  the 
objects  of  the  clay  pack — to  distribute  the  stresses. 

Mr.  Layton.  Your  fulcrum  would  be  pretty  small  wouldn't  it  if 
there  was  a  split  6  feet  long  and  2  or  3  feet  at  the  back? 

Mr.  Hood.  Very  small  indeed,  too  small.  I  think  if  we  ever  had 
&  case  such  as  Mr.  Hall  mentions  nothing  a  man  could  put  in  there 
would  stop  it. 
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Chairman  Fohl.  Is  there  any  further  suggestion  along  this  line! 
If  not  we  will  take  up  the  subject  of  casing  through  accessible  mine 
excavation.^  Are  there  any  remarks  on  that,  as  to  the  method  of 
protecting  these  pipes  coming  down  through  the  workings?  If  not, 
the  next  matter  is  casing  through  inaccessible  mine  excavations. 
Will  you  read  that? 

Mr.  Hood  read  the  section  indicated,  as  follows : 

(21)    CASING    THROUGH     INACCESSIBLE    MINE    EXCAVATION. 

Where  a  bore  hole  passes  through  an  inaccessible  mine  excavation  the  outer 
casing  shall  be  protected  by  cement  mortar  held  within  a  metal  tube  with  a 
diameter  4  inches  greater  than  the  diameter  of  casing  and  extending  from  4 
feet  below  the  mine  floor  to  4  feet  above  the  mine  roof  or  cave. 

Mr.  Hood.  There  is  perhaps  a  little  inconsistency  here,  in  that 
we  have  asked  for  cement  in  this  place,  and  clay  in  the  other, 
and  we  recognize  the  inconsistency,  and  perhaps  can  not  put  up  a 
very  good  argument  for  the  cement  in  this  place,  except  a  seeming 
necessity  of  keeping  this  distance  as  small  as  possible.  We  recog- 
nize that  to  make  the  hole  larger  there  would  require  the  use  of  some 
sort  of  a  form  put  down  through  this  hole,  and  we  have  not  even 
asked  for  a  casing;  we  have  asked  for  a  metal  tube.  It  might  be  a 
spiral  pipe  or  it  might  be  anything  that  would  hold  the  cement 
while  it  is  setting.  We  will  get  it  in  as  best  we  can.  It  was  thought 
that  cement  would  protect  the  outer  casing  that  we  provide,  or  the 
first  casing,  from  acid  mine  water.  If  clay  were  put  in,  just  as  soon 
as  the  outer  metal  tube  had  rusted  away,  the  clay  would  slump  and 
go  away,  and  there  would  be  no  protection  at  all,  and  that  is  the 
reason  for  putting  in  cement  rather  than  clay  in  this  place.  Yet  it  is 
recognized  that  the  cement  will  crack,  it  will  not  be  thoroughly  water- 
proof, and  acid  will  in  time  go  through  it. 

I  may  say  that  this  matter  of  corrosion  is  a  function  of  the 
rapidity  with  which  the  water  is  changed.  If  water  could  be  held 
absolutely  quiet  and  still,  there  being  no  replacement  at  all,  or  very, 
verj'  slow  replacement;  the  corrosion  would  be*  correspondingly 
slow.  It  is  not  believed  that  this  cement  will  be  an  absolute  pro- 
tection^ but  it  will  simply  be  a  retarder  to  the  flow  of  fluids,  and  it 

"(20)     CASINO  THROrOH  ACCFRSIBLE  MINE  RXCAVATION. 

Any  casing  that  pasftCR  through  a  mine  excavation  shall  be  protected  by  a  wall  of 
concrete  or  of  masonry  or  brick  laid  In  cement  mortar»  extending  from  2  feet  below  the 
mine  floor  to  the  mine  roof.  Between  the  first  casing  and  the  wall  thus  constructed  there 
sthall  be  left  an  annular  space  of  not  loss  than  2*  inches  which  must  be  filled  with  puddled 
clay.     This  work  shall  be  done  by  the  well  owner. 

Casings  that  are  exposed  by  mining  operations  ithall  be  covered  by  the  mine  operator 
In  the  manner  prescribed  abore. 
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wUl,  therefore,  retard  the  possible  corrosion  of  the  outer  casing, 
which  is  provided  for. 

Mr.  Johnston.  I  have  been  interested  in  bringing  forth  a  system 
of  cementing  that  is  used  in  shaft  working  for  shutting  off  water. 
In  a  shaft  that  we  sunk  last  spring  for  the  Pittsburgh  Coal  Co. 
we  ran  into  a  seam  of  gas  that  forced  the  water  out  of  the  drill 
holes  that  we  were  drilling.  We  applied  this  system  and  shut  off 
that  gas  and  water  completely.  In  speaking  with  two  or  three  min- 
ing men  the  subject  of  oil-well  holes  and  gas- well  holes  was  brought 
up,  and  I  suggested  this  system  of  grouting.  I  have  listened  to 
the  previous  speakers,  who  mentioned  forcing  the  cement  into  the 
bore  hole.  It  is  perfectly  possible  to  force  this  cement  under  pres- 
sure into  the  crevices  of  the  rock  imtil  the  rock  is  absolutelv  im- 
pervious.  It  is  possible  to  make  a  cement  lining  for  the  well  that 
is  absolutely  waterproof,  and  this  must  be  done  by  pressure  by  the 
use  of  a  plug  on  top.  I  am  not  familiar  with  oil  wells  and  gas  wells 
or  coal  mines  except  as  regards  the  shafts  going  into  mines,  but  this 
system  is  so  successful  that  it  ought  to  work.  It  was  used  in  the 
Catskill  Aqueduct.  I  believe  that  men  who  are  familiar  with  the 
actual  details  of  drilling  holes  and  plugging  them  could  find  some 
application  of  this  process. 

Chairman  Fohl.  Could  you  give  us  a  brief  description  of  your 
method  of  application  ? 

Mr.  Johnston.  Putting  in  cement  between  a  spiral  riveted  pipe 
and  casing  was  mentioned  previously.  That  would  be  put  in  to 
make  the  lining  waterproof,  but  the  cement  grouting  would  have  air 
bubbles  in  it,  and,  of  course,  air  bubbles  would  make  it  pervious  after 
the  casing  corroded.  If  the  grouting  were  put  in  under  pressure  the 
bubbles  would  come  out. 

Chairman  Fohl.  The  cement,  if  put  in  as  they  describe,  would 
carry  air  bubbles? 

Mr.  Johnston.  Yes,  sir ;  be  full  of  air  bubbles. 

Chairman  Fohl.  I  think  your  explanation  of  how  this  is  done 
would  be  very  interesting. 

Mr.  Johnston.  The  scheme  as  we  use  it  is  for  plugging  holes  in 
drilling  rocks  at  any  depth.  Suppose  we  are  sinking  a  shaft  The 
ordinary  method  would  be  first  to  drill  a  hole  in  advance,  to  make 
a  sump,  and  then  to  put  in  side  holes.  If  we  get  water  in  the  first 
hole,  we  then  drill  three  or  four  more  holes.  We  then  plug  all  the 
holes  we  have  drilled,  using  tight  swedge  nipples  with  valves  on  top. 
Each  nipple  is  packed  in  with  bagging,  or  a  gunny  sack,  or  a  rim  of 
cement,  or  anything  to  make  the  hole  tight.  The  swedge  nipple, 
when  driven,  will  be  absolutely  tight.  We  connect  with  this  a  grout- 
ing machine  which  was  patented  two  or  three  years  ago  and  has 
been  verv  successful. 
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It  is  nothing  more  nor  less  than  a  tank  in  which  the  cement  grout- 
ing has  been  put  very  thin,  and  then  the  top  of  the  tank  closed  and 
connected  with  air  pipes  worked  with  compressed  air.  The  cement 
is  mixed  by  this  air.  It  is  run  back  and  forth,  so  that  it  is  fairly 
mixed.  The  air  pipe  is  attached  to  the  tank,  and  the  compressed  air 
drives  this  cement  out  through  the  pipe  into  the  hole  and  completely 
closes  it.  We  have  got  as  high  as  335  pounds  pressure  on  some  of 
those  holes  and  have  absolutely  plugged  the  rock.  After  all  the  holes 
have  been  plugged  we  drill  another  hole  to  see  if  the  strata  still 
leak.  We  have  seen,  crevices  that  were  completely  filled  when  we  got 
through.  This  process,  to  my  notion,  could  be  used  in  as  deep  a  hole 
as  you  want.  Suppose  you  had  a  hole  300  or  400  feet  deep,  and  you 
wanted  to  fill  it  so  completely  full  that  gas  would  be  kept  from 
getting  up  into  the  mine.  Put  in  a  plug,  put  the  pipe  in  the  plug, 
and  force  in  cement  until  the  hole  is  absolutely  plugged  and  the 
crevices  all  around  the  plug  are  full.  It  would  be  perfectly  posssible 
to  drill  through  a  body  of  rock  without  having  the  water  or  the  gas 
leak  out  after  you  had  drilled  through.  We  have  taken  shafts — I 
mention  shafts  because  I  am  more  familiar  with  them — and  have 
made  them  absolutely  waterproof  by  this  process.  I  certainly  believe 
that  there  is  some  application  that  can  be  made  with  reference  to  oil 
and  gas  wells. 

Mr.  Latton.  Anyone  liking  to  see  a  machine  of  this  kind  can  do 
so  by  visiting  the  Mouift  Washington  Tunnel,  where  the  same  thing 
is  being  used  now.  They  had  trouble,  and  they  have  been  working 
for  a  year  and  a  half  trying  to  fill  in  back  of  the  cribbing  of  the 
bridge  of  the  arch.  It  is  the  very  same  thing  the  gentleman  speaks 
of  here  now. 

Mr.  Rice.  This  system  of  filling  porous  ground  with  cement  grout- 
ing is  certainly  a  most  excellent  one  in  shaft  sinking,  and  it  may 
have  some  application  here.  In  1908,  in  the  Pas-de-Calais  coal  field 
of  France,  I  found  they  had  been  using  for  several  years  a  system  of 
cementing  the  fissured  chalk  measures  which  must  be  passed  through 
in  shaft  sinking.  The  chalk  measures  are  so  filled  with  water  that 
it  was  formerly  necessary  to  employ  the  freezing  process.  In  1911 
I  found  the  cementation  process,  as  it  is  there  called,  had  come  in 
almost  to  the  exclusion  of  the  freezing  process  in  that  district.  The 
hole  is  drilled  in  a  circle  around  the  projected  shaft  in  much  the 
same  manner  as  for  the  freezing  process;  then  cement  grouting  under 
high  pressure  is  pumped  into  the  hole,  successively  filling  the  fissures 
and  joints  at  different  horizons.  As  a  result  what  is  practically 
a  concrete  pillar  is  built.    The  shaft  is  sunk  through  this  as  in  dry 

rock. 

Chairman  Fohl.  Are  there  any  further  remarks  on  the  immediate 
subject  of  casing  through  inaccessible  mining  excavations? 
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Mr.  HiCE.  I  should  like  to  ask  how  you  arrive  at  the  designation 
of  4  feet  above  the  mine  roof — ^whether  that  would  be  sufficient? 

Mr.  Hood.  Just  the  same  way  that  other  persons  have  arrived  at 
the  10  or  the  50  feet. 

Mr.  HiCE.  It  would  not  be  above  immediate  falls. 

Mr.  Hood.  I  believe  a  suggestion  was  made  that  in  the  ordinary 
ooal  mine  it  should  not  be  enough  to  be  more  than  one  length  of  pipe. 
With  an  8-foot  seam,  4  feet  above  and  4  feet  below,  would  make  IG 
feet.  If  we  call  for  10  feet  above,  as  has  been  suggested  by  Mr. 
Bice  in  a  preliminary  conference,  you  would  have  more  than  a  pipe 
length,  which  would  require  a  joint;  but  we  haven't  any  real  good 
reason  for  a  specific  distance. 

Mr.  HiCB.  If  it  were  4  feet  below  the  coal,  and  you  have  an  8-foot 
seam,  with  12  feet,  you  will  have  most  of  this  down,  so  that  with  a 
4-foot  fall  your  pipe  would  be  open. 

Mr.  Hood.  And  if  we  tried  to  make  it  long  enough  to  take  care  of 
that  situation  there  is  no  telling  how  long  it  would  have  to  be.  Is 
that  a  situation  that  can  be  met?  To  go  a  little  further  on  Mr.  Hice's 
line  of  thought  regarding  this  cement  protective  layer,  the  useful 
portion  I  consider  to  be  the  bottom  2  or  3  feet,  or  as  high  as  the  water 
level  is  likely  to  rise ;  above  that  it  is  of  little  use. 

Mr.  HiCE.  Another  question  would  be  the  matter  of  getting  in  the 
eement  properly. 

Mr.  Hood.  Yes.  And  while  I  am  on  my  feet  I  want  to  call  atten- 
tion to  one  point  I  do  not  think  the  gentleman  in  referring  to  his 
method  of  puting  in  grout  under  pressure  means  to  imply  that  the 
air  is  taken  out  of  that  cement.    It  is  there  somewhere. 

Mr.  Johnston.  There  is  usually  a  vent  pipe. 

Mr.  Hood.  But  I  can't  see  how  the  air  would  get  out  with  the 
arrangement  described. 

Mr.  Johnston.  Through  the  vent  pipe. 

Mr.  Hood.  What  actually  happens  is,  I  think,  that  under  your  high 
pressure  your  little  bubble  of  air  is  compressed  to  a  smaller  diameter. 
The  cement  is  still  porous  to  the  extent  of  having  those  openings  in 
it,  but  they  are  so  much  smaller  that  the  surface  tension  of  the  liquid 
is  enough  to  keep  it  in  instead  of  allowing  it  to  flow  through.  If 
we  could  get  that  pressure  in  any  other  way — for  instance,  if  we 
had  a  hole  600  feet  deep  filled  with  water — we  would  get  exactly  the 
same  condition  as  with  mechanically  produced  hydraulic  pressure, 
and  the  same  little  air  bubbles  would  be  just  as  much  smaller. 

Mr.  Leland.  If  it  is  not  feasible  to  make  this  arrangement  water- 
proof, it  would  still  be  of  some  use,  if  we  had  a  large  movement  of 
the  roof,  as  large  as  was  suggested  by  Mr.  Hall. 
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Chairman  Fohl.  The  point  is  well  taken.  Are  there  any  further 
remarks  on  this  subject?  If  not,  we  will  proceed  to  the  subject  of 
casing  to  exclude  water. 

Mr.  Hood  read  the  paragraph  referred  to,  as  follows : 

22.  CASING  TO  EXCLUDE  WATER. 

Before  a  bore  hole  is  drilled  into  a  gas-bearing  or  oil-bearing  formation  a 
string  of  casing  shall  be  so  set  as  to  exclude  all  water  from  the  lower  bore  hole. 

Mr.  CoRRix.  I  know  a  section  in  West  Virginia  where  there  are 
11  dilferent  levels  from  which  you  get  gas.  How  would  you  take 
care  of  it? 

Mr.  Hood.  I  do  not  see  how  it  would  be  possible  to  maintain  a 
vent  to  the  surface  so  as  to  keep  gas  from  escaping  through  under 
the  casing  seats,  if  the  well  is  not  cased  for  each  one  of  those  levels. 
Perhaps  we  are  trj'ing  to  ask  one  well  to  do  too  many  things. 

Chairman  Fohi..  I  should  like  to  ask  whether  this  coincides  with 
present  practice  in  the  matter  of  taking  gas  from  wells. 

Mr.  McCiiOT.  It  does  not.  We  take  gas  on  the  inside  of  the  tubing, 
and  also  on  the  outside  of  the  tubing.  We  have  6|-inch,  8J-inch.  and 
10-inch.  We  tiike  gas  out  on  the  inside  of  the  tubing,  and  also  be- 
tween the  tubing  and  the  casing.  That  is  absolutely  necessary  in 
most  fields  in  West  Virginia. 

Chairman  Fohl.  Are  there  any  further  remarks?  If  not,  we  will 
proceed  to  tubing  gas  and  oil  wells. 

Mr.  Hood  read  the  paragraphs  referred  to,  as  follows: 

(28)   TUBING  A  tiAS  WELL. 

To  conduct  gas  ftom  a  gas  well,  tubing  shall  be  inserted  with  a  suitable 
packer  placed  below  the  inner  casing  and  so  constructed  as  to  prevent  the 
escape  of  gas  except  through  the  tubing. 

The  inner  casing  sliaU  be  left  open  to  the  atmosphere  throughout  itS'  full 
length. 

(24)  TUBING  AN  OIL  WELL. 

To  eondact  oU  from  an  oil  well,  tubing  shall  be  inserted  and  extend  from 
the  oll-bearlng  formation  to  the  top  of  the  well. 

The  inner  casing  shall  be  left  open  to  the  atmosphere  throughout  its  full 
length. 

Should  gas  be  liberated  in  the  well  in  sufficient  volume  to  have  commercial 
value,  it  may  be  shut  in  by  means  of  a  packer  placed  below  the  inner  casing 
and  may  be  conducted  from  the  well  through  tubing  inserted  into  the  well 
parallel  to  the  oil  tubing.<> 

Mr.  Crocker.  I  consider  it  not  at  all  practicable  to  have  two 
strings  of  pipe  in  the  well  within  the  casing.    In  the  present  practice 

■  See  figure  11. 
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there  is  always  the  outside  casing  to  protect  from  leakage  into  the 
mine,  and  we  have  wells  from  which  we  would  not  dare  let  the  gas 
all  out.  It  would  hurt  our  production  at  once.  It  is  very  seldom 
that  we  have  over  40  or  50  pounds  pressure  on  the  outer  casings.  If 
we  open  these  to  the  air,  we  lose  the  gas  immediately.  We  use  it  for 
fuel.  I  do  not  think  it  would  be  possible  with  a  5^-inch  hole  to 
get  two  strings  in  unless  you  used  very  small  pipe,  let  alone  injuring 
tlie  well  by  running  it  entirely  open.  Ordinarily  we  have  to  keep  a 
little  pressure  on  to  keep  the  gas  line  full. 

Chairman  Fohl.  Is  it  your  idea  to  increase  the  diameter  of  the 
hole  to  accommodate  your  other  two  pipes? 

Mr.  Hood.  It  seems  to  me  it  comes  back  to  the  question  of  whether 
we  are  not  asking  too  much  from  one  hole.  It  seems  that  in  order 
that  there  shall  be  no  leakage  under  the  seat  of  the  casing  there  must 
be  no  pressure,  and  as  the  packing  with  cement  or  clay  may  be  not 
perfect,  the  only  absolutely  safe  course  is  to  keep  the  pressure  from 
off  those  seats.  As  long  as  that  pressure  is  on  the  seat  and  the  work 
may  not  be  well  done,  it  might  be  that  that  pressure  will  work  up 
under  the  seat,  outside  of  the  packing,  and  then  through  the  ground 
into  the  mine,  as  it  has  done  in  some  cases.  It  is  recognized  that  the 
problem  is  extremely  difficult. 

Mr.  Crocker.  But  there  is  another  string  of  casing  outside  if  there 
is  any  leakage. 

Mr.  Hood.  That  furnishes  sufficient  protection  only  as  long  as 
there  is  no  possibility  of  a  leak  getting  up  under  the  seat  that  is 
just  below  the  mine  floor. 

Mr.  Crocker.  There  are  generally  two  or  three  strings  for  protec- 
tion; oftentimes  three. 

Mr.  Hood.  So  that,  as  a  matter  of  principle,  you  say  the  plan  pro- 
posed is  all  right,  but,  as  to  the  specific  working,  it  is  wrong? 

Mr.  Crocker.  Yes. 

Chairman  Fohl.  Is  it  your  idea  that  the  principle  he  suggests 
coincides  with  the  methods  you  suggested  for  passing  through  a 
coal  bed? 

Mr.  Hood.  I  think  not ;  I  am  not  so  sure  about  that.  I  would  have 
to  study  the  question. 

Chairman  Fohl.  That  would  be  a  matter  for  the  committee  to 
study — the  details.  Are  there  any  further  remarks?  If  not,  we  will 
proceed  to  the  next  subject,  "  Casing  Heads." 

Mr.  Hood  read  the  paragraph  mentioned,  as  follows: 

(26)    CASING    HEADS. 

Casing  heads  must  have  at  least  one  opening  to  the  atmosphere  to  which, a 
vnlve  or  plug  is  not  attached,  so  as  to  insure  ample  vent  in  case  of  leakage  into 
casing  spaces. 
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Chairman  Fohl.  That  is  to  give  a  vent  or  to  be  sure  in  some 
cases  that  the  vent  is  so  maintained  that  it  is  not  an  easy  thing  to 
deprive  the  well  of  a  vent.  Now,  just  how  that  should  be  arranged  is 
the  question. 

Mr.  Crocker.  The  criticism  that  applies  to  the  other  would  apply 
to  this.  The  inside  casing — ^if  you  left  that  open,  you  could  not 
utilize  the  gas  entering  it.  As  long  as  the  other  strings  of  casing  are 
in,  protection  would  be  afforded  the  mine. 

Mr.  Hood.  If  the  outer  casing  was  connected  with  an  open  vent  to 
release  the  pressure  on  that  seat,  it  would  fulfill  the  requirements. 

Mr.  Crocker.  That  clause  is  taken  care  of  by  the  other  one. 

Chairman  Fohl.  Is  there  any  further  discussion?  If  not,  we 
will  proceed  to  the  paragraph  "  Completion  of  Well." 

Mr.  Hood  read  the  paragraph  referred  to,  as  follows : 

(26)  COMPLETION   OF   WELL. 

When  a  bore  hole  has  been  drilled  and  put  into  operation  the  owner  fAudl 
file  with  the  inspector  a  statement  of  the  total  depth  of  the  hole,  the  sizes 
and  loigths  of  casing  used  and  remaining  In  the  hole,  the  depth  and  thick- 
ness of  all  coal  seams  penetrated,  and  whether  oil,  gas,  or  water  Is  obtained. 

Chairman  Fohl.  Are  there  any  remarks?  If  not,  we  will  pro- 
ceed to  the  paragraph  "  Suspended  Operation." 

Mr.  Hood  read  the  paragraph  mentioned,  as  follows: 

(27)  SURFENDED  OPERATION. 

When  for  any  cause  a  bore  hole  that  passes  through  a  workable  seam  of 
ooal  shall  cease  temporarily  to  be  operated,  the  inner  string  of  casing  shall 
be  maintained  open  to  the  atmosphere.  Should  oil  tend  to  rise  In  the  well 
aboTe  the  bottom  of  the  first  or  outermost  casing  passing  through  the  work- 
able coal  seam,  such  oil  shall  be  pumped  out  by  the  owner  and  Its  level  main- 
tained below  the  bottom  of  such  outermost  casing. 

Chairman  Fohl.  The  whole  intent  of  this  is  to  take  care  of  a  weU 
that  an  operator  is  letting  stand  and  does  not  know  whether  to  aban- 
don or  not,  or  a  well  that  is  simply  being  neglected.  If  oil  accumu- 
lates and  rises  above  the  seat  of  the  casing  immediately  below  the 
floor  of  the  mine,  it  might  force  its  way  through.  There  would  be  a 
hydraulic  pressure  forcing  the  oil  into  the  mine,  and  in  some  way 
that  should  be  prevented.  It  was  though  also  that  if  this  require- 
ment was  prescribed  it  would  lead  to  a  formal  abandonment  of  the 
well  and  a  formal  plngging,  rather  than  to  simple  neglect. 
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.  ABANDONMENT  OF  WELL. 

Chairman  Fohl.  Is  there  any  further  discussion  ?  If  not,  we  will 
take  up  the  subject,  "  The  abandonment  of  the  well." 

Mr.  Hood  read  the  first  two  sections  under  that  head,  as  follows : 

(28)  NOTICE  OF  INTENTION. 

When  any  oil  or  gas  weU  is  to  be  abandoned  the  owner  shall  notify  the 
chief  Inspector  in  writing  of  such  intent  to  abandon,  and  shall  proceed  with 
plugging  methods  only  after  complete  arrangem^its  for  inspection  shall  have 
been  made  and  permission  granted. 

(29)  METHOD  OF  PLUGGING. 

Any  well  that  is  to  be  abandoned  must  be  entirely  filled  from  the  bottom 
to  the  surface.  The  lower  part  of  the  wellhole  must  first  be  filled  with 
sand,  clay,  or  rock  sediment  to  a  point  5  feet  above  the  lowest  gas-bearing  or 
oil-bearing  formation.  Above  each  formation  supplying  gas,  oil,  or  water,  and 
immediately  below  any  worlcable  seam  of  coal,  there  shall  be  a  plug  as  here- 
after described,  and  each  well  shall  have  not  less  than  three  such  plugs  what- 
ever the  formation. 

The  plug  above  mentioned  shall  consist  of  25  feet  of  cement  mortar  made 
of  one  part  Portland  cement  and  two  parts  sand  properly  mixed  and  placed 
with  a  bottom-dump  bailer  upon  5  feet  of  clay  resting  on  a  seasoned  wood 
plug  2  feet  long  and  of  the  same  diameter  as  the  hole.  Five  feet  of  clay  shall 
also  be  placed  on  top  of  the  cement  section.  The  space  between  the  plugs 
here  called  for  must  be  filled  solidly  with  puddled  clay,  sand,  or  rock  sediment, 
or  with  cement  mortar  or  concrete.  The  filling  shall  be  complete  up  to  the 
bottom  of  a  casing  before  such  casing  can  be  drawn ;  the  filling  shall  continue 
length  by  length  as  the  casing  is  withdrawn,  cement,  mortar,  or  concrete  being 
used  in  those  sections  of  the  wellhole  that  paBs  through  coal  seams. 

Mr.  Rice.  The  thought  was  to  minimize,  as  far  as  possible,  the 
expense  of  maintaining  casing.  As  has  been  suggested,  there  are  a 
vast  number  of  wells  that  will  not  be  approached  by  mining  for  years 
to  come.  Therefore,  if  we  can  restore  the  ground  to  approximately 
its  original  condition  and  make  it  equally  impervious,  that  would 
be  the  best  way  for  the  mine.  Moreover,  we  thought  that  by  allow- 
ing the  withdrawal  of  the  casing  the  oil  and  gas  companies  would 
be  put  to  a  minimum  expense. 

Mr.  Cbockbr.  Complete  plugging  is  a  pretty  expensive  point  with 
us.  There  are  places  where  it  is  almost  impossible  to  get  anything 
to  fill  in  with,  even  ordinary  dirt.  Personally,  I  do  not  think  it  is 
necessary  to  fill  completely  if  you  put  in  a  plug  at  the  proper  place. 
We  are  using  now  a  lead  plug  with  an  iron  mandrel.  We  find  it  far 
superior  to  anything  we  have  yet  had.  I  have  in  mind  a  gas  well 
where  a  wooden  plug  could  not  be  used  on  account  of  the  pressure ; 
it  came  right  up  after  the  tools.  We  then  used  a  lead  plug  in  the 
well.  The  plug  was  heavy,  and  we  could  get  it  down  and  keep  it 
there.  We  got  it  down  and  got  something  to  set  it  with  and  put  the 
mandrel  on  the  top  of  it,  and  in  a  dozen  revolutions  there  was  no 
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leakage  of  any  gas.  It  has  been  down  now  three  or  four  years  and 
has  never  shown  leakage.  There  is  no  chance  in  the  world  for  it 
to  break  or  go  to  pieces,  and  we  consider  it  far  superior  to  a  wooden 
plug. 

Mr.  Ho(»i>.  May  I  ask  whether,  if  it  were  anticipated  that  such  a 
1k^  would  have  to  be  filled,  it  would  be  burdensome  to  save  the  stuff 
that  came  out  of  that  hole,  or  a  good  share  of  it,  in  order  to  put  it 
back;  tiiat  is,  is  it  available? 

Mr.  Cbockkk.  The  pumpings  come  out  pretty  thin  and  run  off  a 
good  distance,  and  it  is  pretty  hard  to  keep  them  where  you  can  get 
them,  and  I  do  not  believe  they  would  fill  the  hole  either.  A  good 
deal  disappears  somewhere. 

Mr.  McCloy.  What  is  the  objection  to  an  anchored  plug;  that  is, 
a  plug  anchored  to  your  last  string  of  casing?  That  is  the  manner 
in  which  it  is  used  at  the  present  time. 

Mr.  De  Wolf.  I  do  not  know  to  what  extent  the  geologists  were 
responsible  for  this  suggestion  of  plugging  from  bottom  to  top.  The 
present  point  of  view  is  one  we  had  in  mind.  There  are  doubtless  in 
some  localities  a  number  of  coal  seams,  aside  from  the  major  seams, 
that  you  all  recognize  and  look  for,  which  sometime  may  be  available. 
It  is  impracticable  for  your  driller  to  run  a  steel  tapeline  to  all  of 
those,  and  we  recognize  that  however  careful  he  is  he  can  not  abso- 
lutely locate  such  a  seam  of  coal.  Therefore,  it  is  impracticable  to 
put  in  a  sufficient  number  of  plugs  in  their  proper  places  to  protect 
those  seams  of  coal.  So,  from  our  point  of  view,  the  easiest  way  out 
was  to  suggest  that  the  entire  hole  be  filled  with  rock  material,  so  as 
to  avoid  that  trouble. 

Mr.  Watters.  In  regard  to  plugging  wells,  I  am  interested  in  the 
coal-mining  end  of  it,  but  I  do  not  believe  in  putting  a  burdensome 
load  on  the  gas  and  oil  operator.  For  my  part,  I  am  opposed  to 
plugging  a  well  from  top  to  bottom.  I  rather  believe,  from  the 
experience  we  have  had  this  last  summer  in  plugging  abandoned  gas 
wells,  that  it  would  be  better  to  fill  it  with  sand  to  the  top  of  the 
upper  gas-bearing  sand,  and  leave  the  hole  open  from  there  up  to  a 
point  100  or  150  feet  below  some  particular  coal  seam.  Then  place 
a  packer,  say  a  disk  packer,  with  a  tube  not  less  than  2  inches  in 
diameter  leading  from  the  packer  to  the  surface  and  extending  above 
the  surface,  to  keep  people  from  dropping  things  down  it.  Next 
cement  around  this  tube  to  a  point  above  the  coal  or  all  the  way  to 
the  surface.  If  the  cement  should  not  protect  the  tube,  it  seems  to 
me  that  the  cement  lining  would  still  leave  a  vent  large  enough  so 
that  there  never  would  be  any  accumulated  pressure  of  gas.  This 
summer  we  struck  a  well  that,  had  it  been  open  at  the  surface,  I  am 
positive  never  would  have  caught  fire  when  we  cut  into  it.    We  don't 
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know  yet  who  drilled  the  well,  and  the  location  was  not  previously 
known  to  us.  We  dug  around  on  the  surface  to  find  that  well.  We 
had  a  small  drilling  machine,  and  on  opening  up  that  well  we  found 
that  it  was  not  plugged,  but  simply  filled  to  a  point  about  110  feet 
Ja^om  the  surface.  From  there  down  it  was  open  for  about  715  feet 
;from  the  surface  to  a  point,  as  we  presume,  above  the  upper  gas  sand 
vwhere  some  kind  of  a  plug  had  been  put  in.  But  it  was  a  plug  in 
name  only,  because  it  did  not  hold  the  gas.  It  was  more  likely 
^intended  to  keep  the  water  out  of  the  gas  sand.  We  placed  a  jpacker 
4.60  feet  below  the  coal  and  ran  the  tube  to  the  surface,  but  as  there 
was  question  as  to  whether  there  was  gas  cmning  from  above  the 
seam  we  placed  a  sleeve  packer  over  the  2-inc.h  tube,  with  a  4-inch 
tube  leading  to  the  surface,  and  those  two  pipes  stand  8  or  10  feet  in 
the  air.  There  isn't  a  sign  of  gas  in  the  mine — ^not  enough  at  a  time 
to  keep  an  ordinary  jet  burning — but  it  was  accumulated  pressure 
in  that  abandoned  well  that  caused  the  trouble.  We  are  particularly 
in  favor  of  an  arrangement  of  that  kind,  and  I  believe  the  gentleman 
representing  the  gas  and  oil  companies  will  agree  with  me  when  I 
say  that  that  method  is  far  cheaper  to  them  and  I  believe  more 
satisfactory  than  any  other  method — ^that  is,  plugging  the  well  to  the 
surface. 

Mr.  Rice.  I  think  undoubtedly  this  particular  case  was  very  well 
taken  care  of,  but  that  was  looking  for  the  present.  We  have  to  bear 
in  mind  the  coal  operators  of  the  distant  future,  in  the  areas  now 
remote  or  in  deeper  coal  beds,  the  positions  of  which  are  not  precisely 
determined  by  the  driller. 

Mr.  De  Wolf.  As  pointed,  out,  the  difficulty  is  that  we  do  not  know 
precisely  where  these  beds  are  located.  I  would  not  have  supposed 
from  what  has  been  said  previously  in  the  conference  that  there  has 
been  this  objection  on  the  part  of  the  gas  and  oil  well  operators, 
because  I  understood  that  it  was  a  matter  of  agreement,  with  certain 
of  the  large  gas  companies  and  certain  large  coal  operators,  that 
they  should  fill  the  holes  with  concrete  or  cement  mortar.  The  ex- 
pense involved  would  seem  to  be  much  heavier  than  is  here  contem- 
plated, because  with  the  use  of  these  so-called  official  concrete  plugs 
there  would  be  perhaps  four  or  five  needed.  These,  if  used  in  a  10- 
inch  bore,  would  represent  only  several  cubic  yards  of  concrete — I 
haven't  figured  the  amount  of  filling,  disregarding  the  amount  of  the 
hole  excvated  under  ground,  but  I  believe  that  a  10-inch  hole  about 
3,000  feet  deep  would  average,  if  filled,  about  60  cubic  yards.  I 
would  suppose  that  in  the  coimtry  concrete  material  would  be  ex- 
pensive, so  it  would  appear  to  me  to  be  much  cheaper  to  use  only  con- 
crete plugs  and  fill  the  rest  with  dirt  or  clay. 

^r.  Hood.  The  tot-al  cost  of  material  with  cement  at  $2  a  barrel 
and  sand  at  $1.25  or  $1.50  a  yard — and  I  know  that  where  you  have 
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to  haul  it  15  or  20  miles  $1.25  or  even  $1.50  is  entirely  too  low — ^the 
total  cost  for  material  for  plugging  will  be,  say,  $30  to  $50. 

Mr.  Hjce.  There  is  another  matter  in  putting  a  pug  at  the  bot- 
tom of  the  well.  I  think  we  have  cases  where  plugs  have  been 
known  to  move  in  a  well,  and  therefore  not  perform  their  real  duty 
for  100  feet  or  so.  That  is  one  of  the  necessities  for  plugging'a 
well  from  the  bottom  up. 

Mr.  Watters.  Mr.  Rice's  remarks  bring  another  thing  to  my  mind. 
When  we  had  the  troube  I  spoke  of,  the  gas  companies  showed  the 
greatest  willingness  to  help  us  out,  and  we  have  never  had  any 
trouble  with  them  in  that  respect.  However,  we  were  going  to  plug 
it  ourselyeSy  and  the  expert  drillers  we  had  from  all  the  surrounding 
country  advised  against  it,  for  the  reason  that  in  that  particular 
locality  the  strata  between  the  coal  measures  that  we  were  working 
and  the  upper  gas  sand  seemed  to  contain  underground  water  cur- 
rents. They  told  me  that  in  drilling  some  of  those  wells  in  that 
locality  the  water  came  out  of  the  well  entirely  clear  all  the  time; 
that  is,  there  was  such  a  current  of  underground  water  that  the' 
water  was  not  discolored  by  the  pumping.  Whether  that  is  true 
or  not,  some  of  the  gas  people  and  geologists  might  tell  us.  In  that 
case,  I  do  not  see  how  we  could  get  enough  of  the  liquid  cement  down 
to  plug  it. 

Mr.  Hood.  Speaking  of  the  2-inch  vent,  what  is  your  judgment 
as  to  what  would  be  its  condition  after  some  years,  when  that  part 
of  the  mine  in  its  vicinity  has  been  worked  out  and  abandoned, 
and  the  roof  has  begun  to  come  down,  and  you  are  working  in  some 
distant  part 'connected  with  these  workings?  Would  you  still  feel 
safe  with  that  small  2-inch  pipe  sticking  up  through  this  part  of 
the  mine,  which  you  could  not  get  at,  and  knowing  that  the  roof  was 
coming  down?    Do  you  still  think  it  would  be  a  safe  vent? 

Mr.  Watters.  I  do  not  believe  it  is  possible  in  any  way  to  guard 
against  the  breaking  of  the  tubing  in  that  case,  particularly  where 
there  is  a  heavy  covering.  But  in  ordinary  cases,  to  my  mind  the 
2-inch  tubing  would  be  enough. 

Mr.  Hood.  I  think  you  are  right,  perhaps,  in  ninety-nine  cases  out 
of  a  hundred. 

Mr.  Rice.  I  would  think  that  to  plug  a  hole  in  the  way  now  done 
in  some  coal  properties  would  be  more  expensive  than  the  plan  sug- 
gested of  simply  filling  it,  except  for  short  concrete  plugs,  with  any 
material  that  might  be  available. 

Mr.  Hah*  I  believe  any  arrangement  ought  to  take  into  con- 
sideration the  distance  between  the  coal  and  the  gas  sand.  If  the 
two  are  dose  together,  of  course  the  plugging  is  not  sufficient,  because 
complete  plugging  would  raise  the  pressure  so  much  that  the  crevices 
would  very  easily  bring  the  gas  to  the  coal  seam.    That  whole  matter 
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could  be  adjusted  by  specifying  a  certain  distance  that  must  exist 
between  the  coal  bed  and  the  gas  sand  if  simple  plugging  is  to  be 
used. 

Mr.  Wilson.  My  thought  is  that  there  is  possibly  an  excellent  field 
over  here  for  some  actual  experimentaticm,  and  as  the  conf«%nce, 
or  the  committee  that  we  may  appoint,  may  take  some  time  to  come 
to  any  conclusion,  there  may  be  an  opportunity,  perhaps,  for  the 
Bureau  of  Mines  to  cooperate  with  oil  and  gas  men  in  actually  plug- 
ging wells  with  various  materials  and  ascertaining  the  facts  by  tests. 

Mr.  CoRRiN.  Answering  something  that  was  said  a  few  minutes 
ago,  we  had  ^  well  in  which  the  gas  had  a  very  high  rock  pressure, 
and  we  were  for  more  than  three  months  trying  to  plug  that  well. 
It  finally  cost  about  $5,000  to  plug  it.  We  tried  the  lead  plug  and  it 
failed.  \ 

Mr.  HiCE.  The  diagram  shown  calls  for  two  lead  plugs.  I  simply 
want  to  ask  where  those  lead  plugs  were  placed,  whether  they  were 
placed  in  shale  or  in  sandstone.  I  can  readily  conceive  of  sandstone 
such  that  they  could  be  put  in  and  seemingly  shut  off  the  gas  en* 
tirely,  and  yet  there  would  be  sufficient  passage  of  the  gas  through 
the  pores  of  the  sandstone  up  around  that  plug  to  allow  a  dangerous 
accumulation  at  a  higher  level  in  time,  although  you  would  not  get 
the  effect  immediately,  in  all  probability. 

Mr.  CoRRiN.  I  think  it  would  depend  a  great  deal  on  the  pressure 
of  that  well. 

Mr.  Crocker.  I  would  like  to  ask  Mr.  Neill  to  explain  about  this 
well  I  had  in  mind, 

Mr.  Neill.  We  had  quite  a  lot  of  trouble  about  two  wells,  one  of 
which  had  not  been  properly  plugged.  The  cost  to  plug  it,  if  I  am 
not  mistaken,  was  $5,000  or  $6,000.  We  built  a  new  rig  over  the 
well  and  cleaned  the  well  out.  There  was  very  little  gas,  maybe 
100,000  feet,  but  not  enough  to  use.  However,  the  pressure  was  very 
high.  With  a  wooden  plug  we  could  not  stop  it.  The  wooden  plugs 
came  out  with  the  tools  when  we  brought  tliem  out. 

We  put  in  some  tubing  with  a  flange  on  top  and  set  a  lead  plug 
on  the  flange.  At  about  the  third  revolution  the  gas  was  shut  off. 
We  drove  on  the  plug  for  10  or  15  minutes  after  that  and  then  filled 
in  above  and  put  in  our  wooden  plug  and  filled  on  top  of  that.  We 
put  in  three  plugs  and  then  got  out  what  casing  we  had. 

We  plugged  each  hole,  5,  6,  and  8  inch,  separately,  and  the  well 
has  never  shown  a  particle  of  gas  since.  I  do  not  think  it  ever  will. 
It  surely  can  not  get  through  that  lead. 

The  lead  plug  was  made  with  a  steel  mandrel  on  the  inside.  The 
mandrel  extended  down  about  10  inches  into  the  top  of  the  plug,  and 
it  was  cast  in  that  position,  about  6  inches  projecting  from  the  top  of 
the  lead. 
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It  has  been  about  five  years,  I  think,  since  we  did' that  job,  but  we 
did  not  fill  it  clear  up.  We  plugged  below  the  coal,  and  we  put  in  a 
wooden  plug  above  in  order  to  keep  the  water  from  going  down  onto 
the  coal,  and  that  is  the  condition  the  well  is  in  to-day. 

Chairman  Fohl.  Your  objection,  Mr.  Hice,  would  obtain  either 
with  the  lead  or  the  wooden  plug,  wouldn't  it  ? 

Mr.  Hice.  Certainly.  It  would  depend  altogether  on  the  charac- 
ter of  the  sand.  I  can  conceive  of  a  sand  where  the  plui^  would  shut 
off  the  gas  perfectly.  On  the  other  hand,  there  are  plenty  of  sands 
that  would  allow  the  gas  to  accumulate  and  pass  around. 

Mr.  Leland.  If  we  will  provide  legislation  for  an  oil  and  gas 
inspector  who  is  competent,  we  shoulcl  depend  on  his  judgment 
to  some  extent,  and  if  we  find  it  is  necessary  to  use  a  variety  of 
stoppings,  depending  on  the  character  of  the  rock,  wouldn't  it  be  bet- 
ter, instead  of  formulating  absolute,  definite  legislation,  to  leave  the 
details  to  the  inspector's  judgment? 

Chairman  Fohl.  That  is  a  problem  that  should  be  settled  by  each 
State  legislature. 

Mr.  Hice.  There  ought  to  be  a  method  prescribed,  some  discretion, 
however,  being  allowed  the  inspector. 

Chairman  Fohl.  A  tentative  method,  at  least? 

Mr.  Hice.  A  tentative  method,  at. least. 

Chairman  Fohl.  Is  there  any  further  discussion  on  this  subject? 

Mr.  Hice.  As  we  provide  for  recording  the  location  of  new  wells,  I 
think  the  notice  of  abandonment  should  provide  for  a  map  and  record 
of  old  wells  of  which  there  is  now  no  record.  That  is,  we  would 
have  a  record  of  them,  the  same  as  of  the  wells. 

Mr.  De  Wolf.  I  would  like  to  ask  some  of  the  gentlemen  who  have 
raised  the  question  of  expense  of  filling  the  hole  whether  that  applies 
only  to  those  inaccessible  regions  where  materials  are  scarce ;  and  may 
we  assume  that  where  materials  are  readily  availabU  the  proposed 
method  of  filling  from  bottom  to  top  with  clay  or  sand  or  other  like 
debris  would  not  be  excessively  expensive  or  perhaps  be  even  cheaper 
than  the  customary  method?  Is  there  any  mechanical  difficulty  in 
getting  stuff  down  into  the  hole  as  the  casing  is  pulled  ? 

Mr.  Crocker.  Sometimes  a  piece  drops  in  that  is  a  little  bit  large. 
It  lodges  at  some  place  in  the  hole.  It  is  solid  as  long  as  fiuid  does 
not  strike  it,  but  if  any  water  or  oil  strikes  it,  away  it  goes.  We  are 
plugging  very  successfully  without  entire  filling. 

Mr.  Db  Wolf.  Let  me  call  your  attention  again  to  the  condition 
we  have  in  Illinois,  and  get  your  cooperation  in  arriving  at  a  solu- 
tion of  our  difficulty.  We  have  a  field  where  there  is  undoubtedly 
an  important  seam  of  coal,  but  there  is  no  mining  in  the  vicinity  now, 
and  the  drillers  are  prone  to  say  there  is  no  coal  in  the  hole.  Per- 
haps they  are  perfectly  sincere.    Be  that  as  it  may,  it  would  be  in- 
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adequate  to  prescribe  a  method  of  plugging  a  workable  coal  seam 
when  no  record  is  kept  of  where  or  what  that  seam  is.  There  would 
be  no  plug  in  our  State  under  such  a  law.  If  you  could  require  the 
hole  to  be  filled  up  with  rock  material,  any  carelessness  on  the  part 
of  the  driller  or  any  intentional  attempt  to  deceive  would  be  offset. 

Mr.  Cbooker.  It  may  be  possible  that  there  is  no  coal  in  that  par- 
ticular place. 

Mr.  De  Wolf.  Diamond-drill  holes  show  that  the  coal  is  there. 

Mr.  Crocker.  Assuming  that  such  is  the  case,  wouldn't  it  be  safer 
to  plug  under  and  above  the  coal  ? 

Mr.  Db  Wolf.  The  geologist  doesn't  know,  within  perhaps  50  feet, 
just  exactly  where  that  coal  is. 

Mr.  Crocker.  If  one  knows  it  is  within  50  feet,  one  can  put  a 
plug  down. 

Mr.  De  Wolf.  I  say  they  do  not  know  within  50  feet. 

Mr.  Crocker.  But  if  they  could  put  a  plug  down,  it  would  be  much 
safer  than  filling  it  up. 

Chairman  Fohl.  The  next  business  before  this  conference  relates 
to  the  provision  concerning  plugging. 

Mr.  Rice.  I  think  before  we  adjourn  we  should  like  to  have  an  ex- 
pression of  opinion  from  the  gas  and  oil  men  about  the  last  one  or 
two  clauses  of  the  suggested  laws  and  regulations. 

Mr.  Hood  thereupon  read  the  provision  relating  to  the  log  of 
method  of  plugging : 

(30)    LOO   OF    METHOD    OF   PLUGOING. 

When  a  bore  hole  has  been  plugged,  an  affidavit  In  reference  thereto  shall  be 
made  by  the  well  owner,  who  shall  state  the  method  followed,  the  materials  used, 
and  the  length  of  the  sections  occupied  by  each  material.  The  affidavit  shall  be 
certified  by  and  filed  with  the  gas  and  oil  well  inspector.  A  duplicate  of  the 
affidavit  shall  be.  filed  with  the  county  recorder  by  the  gas  and  oil  well  inspector. 

Mr.  De  Wolf.  Isn't  that  intended  to  be  the  coal-mine  inspector 
the  second  time  it  comes  in  the  provision  ? 

Mr.  Hood,  The  intention  was  to  file  with  the  chief  inspector,  and 
then  have  a  copy  go  to  the  recorder,  and  a  variation  has  been  sug- 
gested that  the  filing  with  the  county  recorder  should  be  by  the  State 
inspector  to  make  it  more  accessible. 

Capt.  Barger.  It  is  the  exception,  undoubtedly,  but  it  is  neverthe- 
less what  we  may  and  do  need  to  do  at  times. 

Mr.  Hood  thereupon  read  the  last  two  paragraphs  relating  to  the 
release  of  bond  and  to  fees. 

(31)   RELEASE  OF  BOND. 

After,  and  not  until  these  several  requirements  have  been  met,  any  bond 
that  may  have  been  given  by  the  owner  shall  be  returned. 
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(32)    FEES. 

Tke  question  of  whether  fees  shall  he  charged  for  lieen«c  and  Inspection  Vs  Ifef t 
for  farther  consideration. 

This  matter  of  bond  and  the  next  item  are  perhaps  inseparable. 
This  method  is  going  to  cost  money,  and  the  question  is  tv^ho  should 
pay  it,  the  State  or  the  gas  industry  or  the  coal  industry,  the  peo- 
ple who  are  protected,  or  who?  It  is  not  intended  here  to  suggest 
who.  Some  larger  body  should  suggest  that.  Instead  of  the  method 
proposed,  it  is  sugg^ted  that  a  system  of  fees  be  charged,  these  fees 
to  go  to  the  State  and  as  they  accumulate  they  will  be  sufficient  to 
do  things  with — for  instance,  to  plug  wells  abandoned  by  people  who 
are  unable  to  plug  them  or  are  insolvent.  Then  the  question  ctf 
whether  it  should  be  a  fee  system  or  depend  on  a  bond  given  by  the 
driller  is  a  question  that  should  be  discussed. 

Mr.  CsocKSR.  Leave  that  to  the  committee. 

Chairman  Fohl.  If  there  are  no  further  suggesticHis,  we  will  pro- 
ceed to  the  conclusion  of  the  discussion. 

Capt.  Baroer.  In  this  matter  of  plugging  abandoned  gas  wells, 

I  have  followed  with  marked  success  this  method  that  Mr. 

has  outlined.  I  have  used  a  rubber  plug  and  a  wooden  mandrel, 
and  in  other  cases  a  lead  plug.  Out  in  the  district  where  we  operate 
there  are  possibly  five  different  producing  coal  seams  encountered, 
and  the  cost  of  this  plugging^  if  it  were  borne  by  the  large  corpora- 
tions, possibly  would  not  work  grave  harm;  but  if  borne  by  the 
individual  operator  it  would  work  serious  harm.  A  large  numbet* 
of  wells  are  drilled  by  people  who  have  perhaps  just  about  money 
enough  to  drill  a  well.  When  you  come  to  saddling  them  with  an 
added  snm  of  $6,000  (for  plugging) ,  from  which  they  receive  no  bene- 
fit whatever,  it  is  going  to  do  them  harm,  and  it  will  possibly  check 
the  corporations  in  a  great  many  cases.  If  you  are  going  to  fill  up 
these  wells,  plug  the  different  oil  and  gas  sands,  and  keep  your  tools 
going  at  the  prices  that  you  have  to  pay  for  day's  work  to-day,  the 
individual  operator  would  very  likely  go  to  the  almshouse.  It 
strikes  me  that  some  simpler  method  might  be  evolved  by  this  com- 
mittee which  would  require  much  less  expense.  The  committee 
should  bear  in  mind  that  it  is  not  big  corporations  that  are  doing  all 
this  development,  but  it  is  the  individual  oil  or  gas  operator,  who 
can  not  stand  the  enormous  expense  of  this  proposed  method  when 
he  is  obliged  to  abandon  his  well. 

Mr.  Layton.  I  think  that  the  method  illustrated,  using  plugs  and 
filling  with  concrete  solidly,  is  the  exception,  as  mentioned  by  our 
friend  over  here. 

78876**— Bull.  6&— 13- — 7 
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Mr.  Rice.  I  understand  Mr.  Schluederberg,  of  the  PittsburgJi 
Coal  Co.,  now  has  to  leave  and  I  think  perhaps  others  and  it  might 
be  well  before  they  leave  if  we  could  take  up  the  matter  of  the 
organization  of  this  committee  which  has  been  talked  about  and  as 
to  which  we  all  seem  to  be  in  accord. 

Chairman  Fohl.  We  are  open  to  suggestions  as  to  the  personnel 
of  that  committee  and  the  proposition  of  what  action  should  be  taken 
by  this  conference  is  now  before  you.  The  drift  of  sentiment  before 
you  has  seemed  to  be  that  we  should  have  a  committee  appointed  to 
go  fully  into  the  matter.  The  make-up  of  that  committee  is  for  you 
to  propose.  We  are  now  open  for  suggestions  as  to  the  manner  in 
which  this  shall  be  handled. 

Mr.  Schluederberg.  This  matter  has  been  pretty  thoroughly  dis- 
cussed. It  is  a  matter  not  only  for  the  State  of  Pennsylvania,  but 
it  seems  to  me  it  is  a  matter  for  other  States,  and  it  is  a  question 
that  can  not  be  settled  in  a  day  or  a  week  and  it  is  going  to  take 
considerable  discussion  and  perhaps  some  experimenting,  and  there- 
fore I  think  there  ought  to  be  a  good  committee  and  a  representa- 
tive one.  I  think  the  coal  operators,  the  oil  men,  the  gas  men,  the 
geologists,  the  Bureau  of  Mines,  and  the  mine  inspectors  should  be 
represented  on  that  committee  and  the  officers  of  this  meeting  ex 
officio,  and  I  would  make  a  motion  that  there  be  a  committee  ap- 
pointed, of,  say  three  of  each — ^that  is,  three  coal  operators,  three  oil 
men,  three  gas  men,  three  State  geologists,  three  State  mine  inspec- 
tors, and  three  representatives  of  the  Bureau  of  Mines — to  whom  this 
question  shall  be  referred,  to  take  it  up  thoroughly  in  such  manner 
as  they  may  see  fit  and  proper  and  report  at  a  future  meeting  such 
as  this. 

The  motion  was  seconded  by  Mr.  Rice. 

Mr.  DeWolf.  What  would  be  the  total  membership  of  the  pro- 
posed committee? 

Mr.  Schluederberg.  I  have  made  this  committee  rather  large,  be- 
cause on  such  committees  are  many  who  are  not  always  able  to 
attend,  and  by  making  it  large  enough  we  shall  always  have  some- 
body present.  I  think  there  will  be  three  from  each  of  the  depart- 
ments I  have  suggested,  and  the  two  officers  of  this  meeting  ex  officio, 
which  will  make  20  members. 

Chairman  Fohl.  Are  there  any  other  remarks  ? 

Mr.  Rice.  It  may  seem  at  first  that  this  committee  is  rather  large, 
and  I  had  in  mind  two  men  of  each,  but  at  the  same  time  even  two 
from  each  body  would  make  a  large  committee,  and  it  may  be  that 
the  brunt  of  the  work  will  fall  on  a  subcommittee  whom  this 
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general  committee  may  appoint.  The  subject  under  discussion  is 
a  national  matter,  and  not  simply  a  local  matter,  and  therefore  the 
representation  should  be  as  wide  as  possible,  and  it  seems  to  me,  as 
Mr.  Schluederberg  suggests,  that  each  party  should,  perhaps,  ap- 
point its  own  committee,  so  as  to  have  it  tolerably  representative  of 
each  body.  Some  of  the  work  of  the  committee  will  have  to  be 
carried  on  by  correspondence,  of  course,  but  the  appointments  should 
as  far  as  possible  be  made  representative  in  a  national,  rather  than 
local  sense. 

Chairman  Fohl.  The  resolution  is  silent  as  to  the  manner  of  ap- 
pointment, and  that  will  have  to  be  taken  up  immediately  after  we 
dispose  of  the  resolution.  Are  there  any  further  remarks  on  the 
resolution? 

There  being  no  further  remarks  the  resolution  was  put  to  vote;  it 
was  carried  unanimously. 

Mr.  Wilson.  About  the  method  of  appointment  it  must  be  in 
order  to  offer  a  motion,  and  in  order  to  give  opportunity  for  the 
discussion  I  move  that  each  of  the  interests  represented  in  this 
motion  that  has  just  been  passed  select  its  own  committee,  bearing 
in  mind  that  the  distribution  should  be,  as  far  as  practicable,  geo- 
graphical, and  bearing  in  mind  also  that  that  geographical  relation 
concerns  the  places  where  oil  and  gas  and  coal  come  together. 

Mr.  Wilson's  motion  was  unanimously  carried. 

Giairman  Fohl.  I  should  think  there  should  be  some  time  limit 
set  or  some  arrangement  made  as  to  when  these  appointments  are  to 
be  made,  and  that  that  should  be  decided  right  at  this  meeting. 

Mr.  Rice.  I  think  it  should  be  borne  in  mind  that  it  will  be  de- 
sirable to  have  the  work  expedited  as  much  as  possible,  but  we  want 
due  consideration  given  to  the  subject.  As  to  just  how  that  would 
be  worked  out  I  should  like  to  hear  from  the  other  members. 

Chairman  Fohl.  The  chairman  would  suggest  that  there  be  a 
date  set  now,  at  which  time  nominations  should  be  made,  and  that 
would  practically  call  the  committee  together. 

Mr.  Hood.  I  would  move  that  a  meeting  of  this  general  commit- 
tee be  called  for  February  18.  That  allows  10  days  for  cor- 
respondence and  getting  these  committees  together.  That  seems  to 
be  ample. 

Mr.  Layton.  I  know  of  a  meeting  of  gas  and  oil  well  interests 
to  be  held  on  the  17th  and  18th  in  Columbus,  Ohio,  and  some  of  us 
might  be  at  that  meeting  and  get  on  that  committee. 

A  Member.  Before  the  date  is  set  I  would  state  that  there  will 
be  a  meeting  of  the  oil  men  of  Oklahoma,  Louisiana,  and  Texas  at 
the  end  of  this  month  at  Austin,  Tex.  It  might  not  be  desirable 
to  set  the  date  to  interfere  with  that. 
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Mr.  Hood.  I  will  change  my  date  to  the  19th. 

Mr.  WiLfiON.  Why  not  make  that  the  1st  of  March  ?  I  think  that 
the  19th  is  too  soon.  The  State  legislatures  that  are  now  in  session 
will  not  have  a  chance  to  act  on  this,  and  they  could  have  some- 
thing formulated  that  is  worth  while  before  the  next  legislative 
session,  so  I  should  think  we  should  have  time  enou^.  Therefore, 
I  move  that  February  26  be  substituted  for  FetHiiary  lid. 

Mr.  Leland.  I  will  second  the  motion,  and  I  would  like  to  offer 
a  further  amendment  that  the  chairman  of  this  meeting  have  au- 
thority to  complete  these  committees  if  at  that  date  the  membership 
of  any  of  them  is  lacking. 

Mr.  Rice.  I  second  Mr.  Leland's  amendment. 

Chairman  Fohl.  It  is  moved  as  an  amendment  to  the  amendment 
that  the  chairman  fill  out  vacancies  on  committees,  if  such  vacancies 
exist  at  the  date  of  meeting. 

The  amendment  was  carried  by  unanimous  vote. 

Chairman  Fohl.  The  next  question  is  on  the  amendment  chang- 
ing the  date  of  meeting  from  the  19th  to  the  26th  of  February. 

This  amendment  was  carried  by  unanimous  vote. 

Chairman  Fohl.  We  come  now  to  the  original  motion  as  amended, 
that  a  meeting  of  this  committee  be  called  for  the  26th  of  February, 
and  that  the  chairman  be  authorized  to  fill  any  vacancies  that  may 
then  exist. 

The  motion  was  carried  by  unanimous  vote. 

Mr.  Leland.  Will  you  kindly  explain  where  this  committee  is 
going  to  meet?  There  was  nothing  said  about  that,  and  it  is  rather 
indefinite. 

Chairman  Fohl.  I  think  that  is  for  the  conference  itself  to 
appoint. 

Mr.  Rice.  It  seems  to  me  eminently  proper  that,  as  the  chairman 
of  this  conference,  who  would  be  chairman  ex  officio  of  the  committee, 
and  the  secretary  reside  here  in  Pittsburgh,  and  as  the  oil  and  gas 
well  problem  is  most  acute  in  the  vicinity  of  Pittsburgh,  this  city 
would  be  a  proper  place  of  meeting,  and  I  therefore  make  this  mo- 
tion,  that  Pittsburgh  be  the  headquarters  of  this  committee. 

Chairman  Fohl.  Presumably  this  room  will  be  the  place  of  meet- 
ing,  so  that  wiU  be  attended  to  later. 

Mr.  Moore.  I  would  like  to  ask  how  the  members  of  this  committee 
are  to  be  appointed  by  the  respective  interests. 

Mr.  Hood.  They  will  have  to  get  together.    It  is  up  to  you. 

Chairman  Fohl.  It  seems  to  the  chair  that  that  is  comprised  in  the 
resolution,  that  these  committee  members  be  appointed  by  these  vari- 
ous interests.  As  to  the  modus  operandi,  that  has  not  been  speci- 
fied, but  there  are  10  days  in  which  to  do  this,  and  in  any  way  that 
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these  various  interests  choose  they  may  select  the  representatives 
who  shall  come  at  the  time  of  the  meeting  on  February  26  and  appear 
as  members  of  the  committee. 

Mr.  Hood.  I  should  like  the  names  of  the  committee  members 
when  they  are  appointed  by  the  several  interests.  I  should  like  that 
those  names  be  sent  to  me  at  the  Bureau  of  Mines,  Pittsburgh,  in 
order  that  I  may  communicata.with  each  of  you. 

Mr.  Bice.  I  think  it  would  be  very  desirable  if  there  would  be 
some  notification  given  by  the  different  interests  to  the  chairman  in 
advance  of  the  day  of  this  meeting,  so  that  he  may  know  whether  it 
is  necessary  to  take  up  the  question  of  the  appointment  of  any  per- 
son to  a  possible  vacancy  that  might  ha  ^e  to  be  filled. 

Mr.  De  Wolf.  There  has  been,  of  course,  some  correspondence  on 
the  part  of  the  Bureau  of  Mines  officials  in  an  effort  to  get  a  repre- 
sentative group  at  this  meeting. 

I  w^ould  move  that  the  chairman  appoint  now  in  a  temporary 
capacity  one  representative  from  the  men  here  present  to  represent 
each  of  these  groups,  and  that  the  member  so  appointed  be  requested 
te  obtain  this  list  that  has  already  been  in  use  for  his  guidance,  and 
that  he  take  the  responsibility  for  seeing  that  the  men  of  his  par- 
ticular interest  get  organized. 

The  motion  was  carried. 

Chairman  Fohl.  The  committee  will  be  announced  later.  Is  there 
any  further  business  of  the  same  nature?  If  not,  the  chair  would 
like  to  soggiest  that  possibly  a  general  invitation  should  be  extended 
to  all  people  interested  to  be  present  at  these  committee  meetings. 
What  would  be  the  sentiment  of  the  conference  on  that  subject? 

Mr.  Rice.  I  should  think  there  might  be  some  objection  from  the 
standpoint  of  a  working  body.  It  seems  to  me  that  the  representa- 
tives of  each  interest  should  try  to  gather  all  the  information  they 
can  from  their  respective  bodies ;  but  if  they  all  attend  the  meetings, 
might  not  some  major  matters  be  sidetracked  by  some  of  the  minor 
features?    I  think  it  might  be  objectionable  to  have  open  meetings. 

Mr.  Leland.  I  suppose  when  the  committee  has  completed  its 
labors  it  will  report  to  a  larger  meeting,  which  will  be  open,  and 
there  will  then  be  opportunity  to  discuss  this,  and  that  will  be  the 
time  to  invite  every  one  to  be  present. 

Chairman  Fohi*.  Are  there  any  further  remarks  ? 

Mr.  Bice.  If  there  is  no  further  discussion,  I  would  suggest  that 
before  these  gentlemen  go  it  would  be  desirable  to  take  up  the  ques- 
tion of  the  appointment  of  this  temporary  committee.  This  is  merely 
a  suggestion  to  help  the  chairman. 

Chairman  Fohl.  As  the  chair  understands  it,  there  are  six  groups 
of  interests — ^the  coal  miners,  the  Bureau  of  Mines,  the  gas  and  oil 
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interests,  the  State  inspectors,  and  the  geologists.  For  the  subcom- 
mittee the  chair  appoints  the  following :  Mr.  Schluederberg,  Mr.  Rice, 
Mr.  Corrin,  Mr.  Crocker,  Mr.  Young,  and  Mr.  DeWolf.  Is  there 
any  further  business  before  the  conference? 

Mr.  Rice.  Before  the  meeting  closes,  I  wish  to  express  on  behalf 
of  my  colleagues  of  the  Bureau  of  Mines  their  appreciation  of  the 
way  in  which  this  meeting  has  been  conducted,  and  their  appreciation 
of  the  response  of  the  different  interests  in  sending  representatives  to 
this  meeting.  I  will  add  what  I  have  several  times  repeated  during 
the  conference,  that  the  bureau  has  no  wish  in  any  way  to  dominate 
or  control  the  result.  Its  purpose  was  to  start  the  ball  moving  and 
let  it  go  of  its  own  impetus.  I  think  the  thanks  of  the  meeting  are 
due  to  our  chairman  for  his  able  handling  of  this  meeting.  I  there- 
fore propose  a  rising  vote  of  thanks  to  the  chairman  and  to  the 
secretary  of  this  meeting. 

The  motion,  having  been  duly  seconded  and  put  to  vote  by  Mr. 
Wilson,  was  carried  unanimously. 

Chairman  Fohl.  The  chairman  and  secretary  in  turn  will  rise  and 
acknowledge  it.  Is  there  any  further  business  to  come  before  the 
conference  ?     If  not,  we  are  ready  for  a  motion  to  adjourn. 

Mr.  Rice  moves  that  we  adjourn  to  meet  at  the  possible  future  call 
of  the  chairman  for  the  committee. 

At  12.25  p.  m.  adjourned. 
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Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Gov^- 
emment,  with  directions  for  sampling  oil  and  natural  gas,  by  I.  C.  AUen.  1911. 
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Technical  Paper  32.  The  cementing  process  of  excluding  water  from  oil 
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In  order  to  bring  out  the  importance  of  the  subject  discussed  at 
the  conference  and  in  this  report,  the  following  figures  giving  the 
value  of  the  natural  gas,  petroleum,  and  coal  produced  in  the  United 
States  in  1911  are  presented : 

Value  of  the  natural  gas,  petroleum,  and  coal  produced  in  1911,  hy  States.^ 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


By  Clabence  Hall  and  Spenceb  P.  Howell. 


INTRODUCTION. 

The  tests  and  studies  begun  by  the  United  States  Geological  Survey 
in  the  fall  of  1908  with  a  view  to  lessening  the  accidents  attending 
the  use  of  explosives  in  coal  mining  are  being  continued  by  the  Bureau 
of  Mines  at  the  Pittsburgh  experiment  station  and  in  the  field.  One 
hundred  and  six  applications  for  the  testing  of  209  different  explo- 
sives had  been  received  at  the  Pittsburgh  station  prior  to  March  1, 
1913,  and  on  that  date  97  explosives  that  had  passed  the  required 
tests  were  on  the  ''permissible''  list  issued  by  the  bureau.  This  bul- 
letin gives  the  results  of  tests  of  all  permissible  explosives  tested 
between  May  15,  1909,  and  March  1,  1913.  Bulletin  15  entitled 
''Investigations  of  Explosives  used  in  Coal  Mines"  contains  the  results 
of  tests  of  17  permissible  explosives  tested  prior  to  May  15, 1909.  A 
copy  of  the  test  requirements  and  the  names  of  explosives  on  the  per- 
missible list  dated  March  1,  1913,  are  appended  to  this  bulletin. 

An  explosive  is  considered  permissible  for  use  in  coal  mines  when 
it  is  similar  in  all  respects  to  the  sample  that  passed  the  tests  required 
by  the  bureau,  and  when  it  is  used  in  accordance  with  the  conditions 
prescribed. 

The  physical  tests  reported  in  this  bulletin  were  conducted  by 
Messrs.  H.  F.  Braddock,  A.  J.  Strane,  J.  W.  Koster,  A.  S.  Crossfield, 
A.  J.  Hazlewood,  A.  B.  Coates,  and  J.  E.  Tiffany  at  the  Pittsburgh 
experiment  station  of  the  bureau. 

The  act  of  Congress  making  appropriations  for  sundry  civil  ex- 
penses of  the  Government  for  the  fiscal  year  ending  June  30,  1912, 
authorized  the  Secretary  of  the  Interior  to  chaise  a  fee  covering  the 
actual  necessary  expenses  Involved  in  making  such  tests  by  the  Bureau 
of  Mines  as  might  be  approved  by  him.  After  careful  consideration 
had  been  given  to  the  actual  necessary  expenses  involved  in  the  test- 
ing of  explosives  to  determine  their  permissibility  for  use  in  coal 
mines,  the  sum  of  $150  was  approved  by  the  Secretary  of  the  Interior 
as  a  reasonable  charge  for  each  complete  official  test.^  During  the 
first  year  this  law  was  in  effect  the  fees  collected  amounted  to  more 
than  $6,000. 

•  Ttea  for  testtng  explogives  and  oonditkms  under  which  explosives  will  be  noslved  for  test,  Schedule  1, 
Bomo  of  Mines.  1913. 
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YBABLY  SALES  OF  SHOBT-FLAHE  EXPLOSIVES. 

In  the  past  few  years  there  has  been  a  rapid  increase  in  the  use  of 
short-flame  explosives  in  the  coal  mines  of  the  United  States.  The 
following  table  shows  the  quantities  of  such  explosives  sold  during 
each  year  from  1901  to  1912,  inclusive: 

Yearly  sales  of  shortrflame  explosives  in  the  United  States  y  1901-1912. 


Yew. 


1001. 
1902. 
1003. 
1904. 
1905. 
1006. 


Quantity 
sold. 


Pounds. 


11,300 

288,661 

606,270 

1,031,300 

1,533,575 


Year. 


1907 
1908 
1009 
1910 
1911 
1912 


Quantity 
sold. 


Pounds, 

2,005,244 

2,106,610 

8,942,857 

11,820,836 

13,428,239 

18,140,977 


Unlike  Government  bureaus  in  some  foreign  countries,  the  Bureau 
of  Mines  has  no  authority  to  compel  the  use  of  certain  explosives  or 
to  prescribe  the  conditions  under  which  they  must  be  used.  Neverthe- 
less, through  the  cooperation  of  State  mine  inspectors,  manufacturers 
of  explosives,  coal  operators,  and  miners  the  explosives  that  have 
been  tested  by  the  Bureau  of  Mines  and  designated  permissible 
explosives  are  now  used  in  every  coal-mining  State. 

QUANTITY    OF     PEBMISSIBUB     EXPLOSIVES     SOLD     IN    THE 

DIFFBBENT  COAL  FIELDS. 

The  following  table  shows  how  rapidly  the  use  of  permissible  ex- 
plosives increased  in  the  different  coal  fields  in  the  United  States 
during  four  years. 

Quantity  of  permissible  explosives  sold  in  different  coal  fields  in  the  United  States j 

1909-1912. 


Coal  fields  and  regions. 


1.  Pennsylvania  anthracite  field.. 

2.  Northern  Appalachian  region  a 

3.  Soathem  Appalachian  region. . 

4.  Eastern  interior  field 

5.  Western  interior  field 

6.  BoclcT  Mountain  region 

7.  Pacific  coast  region 


1909 


Pounds. 

894,294 

5,976,625 

1,434,950 

6,955 

254,475 

146,700 

228,858 


6  8,942,857 


1910 


Pounds. 

1,486,100 

5,967,216 

3,188,785 

165,975 

196,560 

806,200 

8,000 


11,820,836 


1911 


Pounds. 

1,917,412 

6,360,272 

3,377,268 

337,012 

256,060 

1,177,076 

14,150 


13,428,239 


1912 


Pounds. 

2,177,172 

9,267,149 

3,920,135 

733,040 

430,825 

1,488,780 

122,977 


18, 149,  on 


a  Not  including  Pennsylvania  anthracite  field. 

ft  Includes  344,8;10  pounds  of  short-fiame  explosives,  the  permissibility  of  which  had  not  been  detenalned. 

The  quantity  of  permissible  explosives  used  in  coal  mining  during 
the  past  few  years  no  doubt  replaced  twice  that  weight  of  more  dan- 
gerous explosives. 

At  many  mines  shot  firers  are  employed  when  permissible  explo* 
sives  are  used;  and  thus  a  more  intelligent  use  of  the  explosives  is 


INTBODUCTION.  3 

insured.  Furthermore,  a  shot  firer  uses  less  explosive  for  bringing 
down  coal  than  a  miner  who  loads  and  fires  his  own  shots. 

Although  the  amount  of  permissible  explosives  used  in  this  country 
is  larger  than  in  some  foreign  countries,  it  still  represents  only  a  small 
percentage  of  the  total  amount  of  explosives  used  in  coal  mining. 
Mines  that  are  considered  gaseous  generally  use  permissible  explosives. 
In  some  fields,  if  a  certain  part  of  a  mine,  such  as  the  advance  work- 
ings, is  generating  gas,  or  if  inflanmiable  coal  dust  is  present  in  quan- 
tities considered  dangerous,  permissible  explosives  are  used  there,  and 
black  blasting  powder  or  dynamite  is  used  in  all  other  parts  of  the 
mine. 

The  introduction  of  permissible  explosives  and  their  successful 
application  to  coal  mining  have  had  gratifying  results.  Few,  if  any, 
accidents  can  be  directly  attributed  to  the  use  of  permissible  explo- 
sives, in  spite  of  the  fact  that  no  explosive  can  be  considered  entirely 
safe  under  all  mining  conditions.  It  has  been  shown  that  when  per- 
missible explosives  are  used  in  greater  quantities  than  recommended 
by  the  bureau,  or  when  they  are  not  used  in  accordance  with  the 
other  requirements,  there  is  a  possibility  of  a  resultant  fire-damp  or 
coal-dust  explosion.  Moreover,  if  permissible  explosives,  when 
introduced  at  a  coal  mine,  are  placed  in  the  hands  of  miners  who  are 
unfamiliar  with  their  use,  the  results  obtained  are  liable  to  be  unsatis- 
factory until  the  miners  have  learned  to  use  the  explosives  to  best 
advantage. 

FATAUTIBS  IN  COAL  MINES. 

The  death  rate  in  the  coal  mines  of  the  United  States  had  shown  an 
increasing  tendency  up  to  the  year  1908.  In  the  spring  of  1909  the 
bureau  issued  its  first  list  of  permissible  explosives,  and  it  is  gratify- 
ing to  note  that  the  increase  in  the  use  of  permissible  explosives  dur- 
ing the  past  four  years  is  coincident  with  a  decrease  of  fatal  accidents 
in  the  coal  mines.  The  following  table  shows  the  quantity  of  pei^ 
missible  explosives  sold  and  the  number  of  men  killed  in  the  coal 
mines  of  the  United  States  from  1909  to  1912,  inclusive: 

Quantity  of  permissible  explosives  sold  and  number  of  men  killed  in  coal  mines ,  1909-1 9 li. 


Year. 


1900. 
1910. 

mi. 

1912. 


Qxiantity  of 

permiasfble 

ezplosivea 

Bold. 


Pounds. 
{>  8, 942, 857 
11,820,836 
13,428,230 
*  18, 149,077 


Number  of  men  killed.o 


Per  1,000 
employed. 


4.00 
3.92 
3.73 
8.15 


Per 

1,000,000 

abort  tons 

mined. 


5.79 
5.06 
5.48 
4.29 


•  Horton,  F.  W.,  Coal-mine  aooldents  in  the  United  States,  189(^1912,  with  monthly  statistios  for 
1912:  TadmJcal  Paper  48,  Bureau  of  Hlnee.  1912,  p.  8. 
» lAfiliKlM  8M|8a(f  ponaaa  of  othir  •hort-flame  expJotlv«a« 
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The  greater  interest  in  mine  safety  and  the  better  enforcement  of 
laws  and  regulations  by  State  mine  inspectors  have  been  responsible 
to  a  large  extent  for  the  reduction  in  the  death  rate  in  the  coal  mines 
of  this  country,  but  it  is  believed  that  the  use  of  permissible  explosives 
has  been  the  important  factor  in  lessening  the  death  rate  from  gas 
and  coal-dust  explosions. 

The  use  of  imsafe  explosives  in  coal  mining,  as  well  as  the  improper 
use  of  such  explosives,  is  responsible  for  many  of  the  fatal  accidents 
accredited  to  mine  fires,  falls  of  roof  and  coal,  and  other  causes. 
It  is  known  that  when  black  blasting  powder  was  used  mine  fires  were 
a  conmion  occurrence  in  certain  mines  working  a  high-volatile  coal, 
but  when  black  blasting  powder  was  replaced  by  permissible  explo- 
sives mine  fires  resulting  from  shots  were  eliminated.  Permissible 
explosives  when  properly  used  do  not  damage  the  roof  such  as  is  the 
case  when  black  blasting  powder  is  used;  consequently,  accidents  due 
to  falls  of  roof  are  lessened  by  the  use  of  permissible  explosives. 
The  actual  fall  of  rock  or  coal  may  not  occur  at  the  time  of  firing  the 
charge,  but  heavy  chaises  of  black  blasting  powder  weaken  the  walls 
and  roof  and  start  cracks  that  impair  the  supports  of  the  roof,  and 
considerable  time  may  elapse  after  a  blast  before  the  roof  falls. 
Another  advantage  in  the  use  of  permissible  explosives  is  that  the 
miner  can  set  the  props  supporting  the  roof  closer  to  the  face  of  the 
workings  than  when  black  blasting  powder  is  used,  and  thus  insure 
better  protection  against  roof  falls. 

APPARATUS  AND  METHODS  FOR  PHYSIC AIj  TESTS  OF 

EXPLOSIVES. 

The  apparatas  used  and  the  methods  of  testing  explosives  at  the 
Pittsburgh  experiment  station  of  the  Bureau  of  Mines  have  been 
described  in  Bulletin  15,  Investigations  of  Explosives  Used  in  Coal 
Mines.  The  new  test  requirements  for  permissible  explosives  as 
adopted  by  the  bureau  and  certain  new  apparatus  recently  devised 
are  described  in  detail  in  this  bulletin. 

The  tests  made  at  the  Pittsburgh  experiment  station  may  be 
briefly  summarized  as  follows: 

PHYSICAL   EXAMINATION. 

This  includes  the  determination  of  the  average  diameter,  length, 
and  weight  of  the  cartridge,  whether  or  not  the  cartridge  has  been 
redipped,  the  apparent  specific  gravity  of  the  cartridge  as  deter- 
mined by  sand,  and  the  color  and  consistency  of  the  explosive. 

BALLISTIC  PENDULUM. 

This  apparatus  consists  of  two  essential  parts,  a  cannon  in  which 
the  charge  is  fired  and  a  pendulum  which  receives  the  impact  of  the 
products  of  combustion  and  of  the  stemming.    The  peadvliim  is  a 
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12.2-iflch  United  States  mortar,  weighing  31,600  pounds,  which  is 
suspended  by  means  of  a  stirrup  from  two  cast-steel  saddles  fitting 
over  a  steel  supporting  beam  that  rests  on  nickel-steel  knife  edges  on 
steel  bearing-plates  supported  by  concrete  piers.  The  swing  of  the 
mortar  when  the  cannon  is  discharged  into  it  is  measured  by  an 
automatic  recording  device  and  is  taken  as  a  measure  of  the  pro- 
pulsive effect  of  the  explosive. 

OAS  AND  DUST  OALLEBY. 

Tins  gallery  consists  of  a  steel  cylinder  100  feet  long  and  6|  feet  in 
diameter,  into  one  end  of  which  a  cannon,  such  as  is  used  in  the 
ballistic  pendulum  tests,  is  discharged.  The  gallery  may  be  filled 
"with  mixtures  of  gas  and  air,  coal  dust  and  air,  or  of  gas,  coal  dust, 
and  air,  and  the  liability  of  the  explosive  fired  in  the  cannon  igniting 
such  mixtures  is  determined  by  test. 

BATE   OF   DETONATION   APPABATUS. 

The  rate  of  detonation  of  an  explosive  is  determined  by  inserting 
cartridges  of  the  explosive  in  a  tube  of  thin  sheet  iron  that  is  sus- 
pended within  a  firing  chamber.  Into  one  end  of  the  file  of  cartridge 
in  the  tube  a  detonator  is  inserted,  and  through  points  in  the  file  a 
predetermined  distance  apart  are  led  the  wires  of  an  electric  circuit. 
By  means  of  an  extremely  accurate  recording  device  (Mettegang's 
recorder)  the  time  required  for  the  passage  of  the  explosion  wave 
through  the  distance  between  the  two  electric  wires  can  be  deter- 
mined to  within  1/4,300,000  second. 

FLAME-TEST  APPABATUS. 

This  apparatus  is  used  to  record  by  photography  the  relative 
lengths  and  durations  of  the  flames  produced  by  explosives,  the  test 
being  based  on  the  belief  that  the  longer  the  flame  and  the  longer 
the  time  it  endures,  the  greater  is  the  chance  that  such  a  flame,  when 
shot  into  the  air  of  a  coal  mine,  will  ignite  inflammable  mixtures  of 
gas  and  air,  coal  dust  and  air,  or  gas,  coal  dust,  and  air.  That  the 
volume,  density,  conductivity,  specific  capacity,  and  temperature  of 
the  flame  are,  like  the  length  and  duration,  important  factors  in 
determining  its  effect  is  recognized,  but  these  must  be  ascertained 
and  their  effects  measured  by  other  means.  Hence  too  great 
emphaos  must  not  be  placed  on  the  value  of  the  l^igth  and  duration 
of  the  flame  of  explosives  as  an  indication  of  their  permissibility,  for 
both  the  length  and  the  duration  of  the  flames  of  certain  nonpermis- 
sible  explosives  are  less  than  those  of  some  of  the  permissible  explo- 
sives, but  the  other  variables,  particularly  the  temperature  of  the 
flame,  are  of  importance  and  must  be  taken  into  account.  Further- 
more! the  particular  manner  in  which  the  air  offers  resistance  to  the 
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flame  may  so  laxninate  and  disperse  the  flame  that,  in  conjunction 
with  other  causes,  its  height  and  duration  may  be  materially  reduced. 
This  air  resistance  accoimts  for  certain  variations  in  tests  of  the  same 
explosive. 

The  flame-test  apparatus  consists  essentially  of  a  cannon,  which  is 
similar  in  all  respects  to  those  used  in  the  ballistic  pendulum  and  the 
gas  and  dust  gallery  tests,  and  a  camera  with  suitable  accessories  for 
cutting  off  from  a  rapidly  moving  sensitive  film  all  light  rays  except 
those  emitted  by  the  flame  of  the  explosive.  The  length  of  flame  is 
measured  in  milliseconds,  or  thousandths  of  a  second,  and  the 
smallest  time  interval  measurable  by  the  apparatus  is  0.0125  xmlli- 
seconds. 

EXPLOSION-BY-INFLUENCE   TESTS. 

The  explosion-by-influence  test  determines  the  sensibility  of  an 
explosive  to  the  explosion  wave  produced  by  the  detonation  of  a 
mass  of  the  same  explosive.  In  this  test  two  cartridges  of  the  same 
explosive  are  placed  a  predetennined  distance  apart.  One  cartridge 
is  fired  by  means  of  an  electric  detonator.  If  the  second  cartridge 
is  detonated  by  the  detonation  of  the  first  cartridge,  the  test  is 
repeated  with  the  second  cartridge  farther  away.  If  the  second 
cartridge  is  not  detonated  the  test  is  repeated  with  the  second  car- 
tridge nearer  the  first.  By  proceeding  in  this  way,  the  minimum  dis- 
tance between  cartridges  at  which  the  first  cartridge  does  not  detonate 
the  second  is  established  within  1  inch. 

IMPACT  MACHINE. 

The  impact  machine  is  used  to  determine  quantitatively  the  sensi- 
tiveness of  explosives  to  explosion  when  they  are  struck  by  a  known 
mass  of  steel  of  knovwi  velocity,  while  the  explosive  being  tested 
rests  on  a  steel  surface.  The  essential  parts  of  the  apparatus  are  a 
case-hardened  steel  anvil  that  can  be  kept  at  a  definite  temperature 
by  means  of  a  water  jacket,  and  a  framework  of  steel  rods,  by  means 
of  which  a  steel  hammer  weighing  2,000  grams  can  be  dropped  from 
a  precisely  determined  height  on  a  charge  of  explosive  on  the  anvil. 

BICHEL  PBESSUBB   GAGE. 

The  Bichel  pressure  gage  is  employed  to  determine  the  theoretical 
maximiun  pressure  that  an  explosive  woidd  exert  if  exploded  or  deto- 
nated in  a  space  that  it  fills  completely,  all  the  heat  set  free  by  the 
chemical  reactions  taking  place  being  retained  by  the  products  of 
explosion.  The  apparatus  also  affords  a  means  for  collecting  the 
resulting  gaseous,  liquid,  and  solid  products.  The  essential  features 
of  the  apparatus  are  two  stout,  steel  cylinders  in  which  the  explosive 
is  fired,  and  instruments  by  which  the  pressure  within  the  cylinder  is 
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recorded.    From  the  pressure  record  the  rate  of  dissipation  of  the 
heat  from  the  explosion  is  ascertained. 

CALORIMETER. 

The  calorimeter  is  designed  to  measure  the  quantity  of  heat  set 
free  by  the  explosion  or  detonation  of  a  known  quantity  of  explosive. 
It  consists  of  a  steel  bomb  in  which  the  explosion  takes  place;  a  vessel 
for  holding  a  known  quantity  of  water  in  which  the  steel  bomb  is 
immersed;  a  wooden  cylinder  which  supports  the  vessel  and  also 
insulates  it;  a  stirring  device  by  which  the  water  in  the  immersion 
vessel  is  stirred  so  that  the  heat  evolved  by  the  explosion  is  uniformly 
distributed  throughout  the  water;  an  extremely  accurate  thermome- 
ter for  measuring  the  rise  of  temperature  of  the  water  following  the 
explosion  of  the  charge  within  the  bomb;  and  scales  for  weighing  the 
parts  of  the  apparatus  and  the  water  used. 

SHALL  LEAD  BLOCK  TEST. 

The  small  lead  block  test  is  intended  to  determine  the  compressive 
effect  exerted  by  a  detonating  explosive  when  exploded  unconfined 
on  the  upper  end  of  a  smaller  cylinder  of  lead.  In  making  the  test, 
a  small  steel  disk  is  placed  on  the  cylinder  to  receive  the  immediate 
impact  of  the  detonation.  The  deformation  of  the  cylinder  is  taken 
as  a  measure  of  the  disruptive  effect  of  the  explosive. 

TBAXJZL  LEAD  BLOCKS. 

The  Trauzl  lead  block  test  is  designed  to  measure  the  comparative 
disruptive  effect  of  explosives  fired  under  moderate  confinement. 
£qual  weights  of  different  explosives  are  confined  in  bore  holes  of 
definite  dimensions  made  in  lead  blocks  of  prescribed  character 
by  means  of  a  fixed  quantity  of  stemming,  and,  when  thus  confined, 
are  exploded  by  means  of  similar  detonators.  The  measure  of  the 
test  is  the  volume  by  which  the  cavity  in  the  block  is  enlarged  by 
pressure  exerted  by  the  explosive. 

Apparatus  other  than  the  gallery  used  for  testing  the  relative  safety 
of  coal-mining  explosives  and  the  methods  of  testing  under  accurately 
controlled  conditions  do  not  simulate  actual  conditions  of  practice, 
but  it  is  generally  recognized  that  such  empirical  tests  have  resulted 
in  the  use  of  safer  explosives  in  coal  mines. 

PHYSICAL  EXAMINATION. 

In  the  physical  examination  of  explosives  the  classification  with 
respect  to  consistence  has  been  elaborated  in  order  to  cover  the 
characteristics  of  some  of  the  recent  explosives  submitted  for  official 
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tests.    All  explosives  are  now  classified  with  regard  to  the  following 
characteristics: 
Consistence  r 
Granulation: 
Structure: 
Granular. 
Fibrous. 
Powdered. 
Gelatinous. 
Size: 
Very  fine. 
Fine. 
Coarse. 
Very  coarse. 
Liquidness: 
Very  wet. 
-  Wet. 
Dry. 

Very  dry. 
Compactness: 
Very  hard. 
Hard. 
Soft. 

Very  soft. 
Cohesiveness: 
Very  cohesive. 
Moderately  cohesive. 
Shghtly  cohesive. 
Not  cohesive. 

BICHBL  FBBSSTTRB  OAOB8. 

The  construction  of  the  pressure  gages  has  not  been  altered  since 
they  were  received  at  the  experiment  station,  but  the  method  of 
conducting  tests  has  been  slightly  modified.  Formerly,  as  in  the 
tests  described  in  Bulletin  15,  the  explosive  was  removed  from  its 
original  wrapper  and  then  wrapped  in  an  envelope  of  tin  foil  before 
being  placed  in  the  gage.  Gage  tests  of  all  explosives  reported 
in  this  bulletin  were  made  by  firing  charges  of  explosives  in  their 
original  wrappers.  It  has  been  found  that  the  paper  wrapper  of 
explosives,  which  represents  a  comparatively  large  percentage  by 
weight  of  the  combustible  material,  is  an  important  factor  in  the 
character  of  the  gaseous  products  evolved  when  the  explosives  are 
burned  or  detonated.    The  following  are  the  imalyses  of  the  gases 
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produced  by  firing  in  the  gage  equal  charges  of  the  same  explosive 
with  and  without  paper  wrappers: 

Oauous  products  evolved  on  detonation  of  an  explosive  in  Bichel  pressure  gage. 

[Analyst,  A.  L.  Hyde.] 


Gaseous  pitxiacts. 


With 

paper 

wrapper. 


Without 

paper 

wrapper. 


OarlMmdiozido... 
Garboa  monoxide. 

S«J8» 

Hydrogen 

Methane 

Nttroean 


Percent. 
77.  Z 
20.9 

.0 
18.0 

.4 
27.4 


PereenL 

61.4 

6.0 

.0 

2.2 

.3 

41.1 


The  analyses  show  that  when  the  explosive  was  fired  in  its  original 
wrapper  there  was  an  increase  in  the  percentage  of  carbon  monoxide 
formed.  Other  tests  made  with  different  kinds  of  explosives 
confirmed  these  results. 

OABEOUS    PBODUCTS    EVOLVED    ON    DETONATION    OF    EXPLOSIVES    IN 

FIELD  TESTS. 

The  results  of  tests  made  in  the  field  indicate  that  the  gaseous 
products  evolved  on  the  detonation  of  all  coal-mining  explosives, 
together  with  the  gases  produced  by  the  coal  itself,  are  extremely 
poisonous  and  inflammable.  The  analyses  of  mine-air  samples  col- 
lected after  shots  in  coal  mines  show  that  more  carbon  monoxide  is 
formed  when  explosives  are  fired  under  actual  working  conditions 
than  when  fired  in  the  gage.  Some  of  the  fine  coal  left  in  the  drill 
hole  is  ignited  and  causes  the  increased  amount  of  carbon  monoxide 
formed. 

It  has  been  generally  conceded  that  the  permissible  explosives  that 
are  deficient  in  oxygen  and  have  passed  all  test  requirements  in 
metal  cannons  would  produce  a  lower  temperature  when  fired  in  a 
drill  hole  in  coal,  for  the  reason  that  any  further  addition  of  carbon 
would  result  in  an  increase  of  carbon  monoxide,  which  would  cause 
a  reduction  of  the  flame  temperature.  But  the  question  has  been 
raised  whether  the  permissible  explosives  having  an  excess  of  oxygen 
would  produce  a  higher  temperature  when  fired  in  coal  because  of  the 
possibility  of  the  excess  of  oxygen  uniting  with  just  enough  of  the 
cpal  to  form  carbon  dioxide.  The  results  of  the  investigation  of  one 
explosive  having  an  oxygen  excess  have  not  borne  out  this  contention. 
On  the  other  hand,  all  indications  point  to  the  fact  that  explosives 
of  this  kind  are  equally  safe  when  fired  in  coal.  Analyses  of  the  gases 
produced  from  an  explosive  having  an  oxygen  excess  when  fired  in 
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the  gage  and  also  the  gaseous  products  of  the  same  explosive  when 
fired  under  actual  working  conditions  are  given  in  the  following  table: 

Ottseotu  products  evolved  on  detonation  of  an  explosive  in  Bichel  pressure  gage  and  in 

field  tests. 


[Annlyst,  A.  L.  Hyde.] 

OaseoOB  prodncts. 

Cage  test 

Field 
testa 

With 

paper 

wrapper. 

• 

WlthoDt 

paper 
wiapper. 

With 

paper 

wrapper. 

Carbon  dioxide 

Percent. 

30.0 

.0 

2.2 

.0 

.7 

67.1 

Percent. 

24.3 

.0 

8.8 

.0 

.4 

66.5 

Percent. 
22.6 

Carbon  monoxide 

11.4 

Oxveen 

.0 

„  •'•*     

Hydrocen 

6.8 

M<^thftne . . r       t  ,,..,-  ^      _      _  . . 

.7 

Nltroigffl]     

58.5 

a  Computed  on  an  air-free  basis;  the  methane  produced  from  the  coal  was  subtracted  to  make  the  methane 
percentage  correspond  to  tiiat  in  the  gases  from  samples  tested  in  the  gage. 

The  analysis  of  the  gases  produced  in  field  test  shows  a  decrease 
in  carbon  dioxide  and  the  production  of  a  considerable  amount  of 
carbon  monoxide.  The  field  samples  also  show  the  presence  of  6.8 
per  cent  of  hydrogen.  On  the  assumption  that  this  hydrogen  was 
produced  at  the  expense  of  some  of  the  water  in  the  products  of 
combustion^  the  formation  of  less  water  and  more  hydrogen  neces- 
sarily being  accompanied  by  a  smaller  evolution  of  heat,  its  presence 
is  further  evidence  of  the  reduction  of  flame  temperature  under 
actual  working  conditions.  This  reduction  of  temperature  would 
offset  any  increase  in  the  length  of  duration  of  the  flame  caused  by 
the  coal  entering  into  the  explosive  reaction. 


NEW  REQUIREMENT   WITH  RESPECT  TO  THE   KIND  AND  QUANTTTr  OP 
OASES    EVOLVED    ON   DETONATION    OF   PERMISSIBLE    EXPLOSIVES. 

A  list  of  permissible  explosives  issued  by  the  bureau  January  1, 
1911,  contained  the  names  of  a  few  explosives  that  on  detonation  in 
the  Bichel  gage  developed  large  quantities  of  carbon  monoxide. 
In  tests  of  these  explosives  in  coal  mines  it  was  found  that  when  the 
usual  charge  was  fired  in  rooms  no  appreciable  amount  of  carbon 
monoxide  was  detected  in  samples  of  the  mine  air  taken  at  the  face 
immediately  after  the  shot.  However,  when  tests  were  made  in 
narrow  entries  in  coal  mines,  ahead  of  the  air,  all  mine-air  samples 
taken  immediately  after  firing  charges  of  680  grams  (1^  potmds) 
showed  the  presence  of  carbon  monoxide,  and  one  sample  contained 
as  much  as  0.11  per  cent  of  the  gas. 

Other  permissible  explosives  that  on  detonation  in  the  gage  evolved 
less  carbon  monoxide  were  tested  in  coal  mines.    These  explosives 
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did  not  appreciably  vitiate  the  mine  air  in  rooms  or  in  narrow  entries 
even  when  there  was  no  circulation  of  air  near  the  face.  The  highest 
percentage  of  carbon  monoxide  found  in  any  of  these  mine-air  samples 
taken  immediately  after  the  shot  was  0.02. 

It  has  been  foimd,  too,  that  all  explosives  which  on  detonation 
evolve  158  liters  (5^  cubic  feet)  or  more  of  permanent  poisonous 
gases  from  a  680-gram  (Impound)  charge  as  determined  by  gage 
tests,  when  used  in  680-gram  (IJ-pound)  quantities  in  narrow  entries 
in  coal  mines,  ahead  of  the  air,  may  for  several  minutes  after  a  shot 
so  vitiate  the  air  near  a  face  as  to  make  it  harmful.  Of  course,  the 
conditions  mentioned  are  unfavorable  to  any  explosive  and  are 
abnormal  in  that  there  is  no  circulation  of  air  near  the  face.  How- 
ever, as  such  conditions  actually  exist  in  some  coal  mines,  all  explo- 
sives that  produce  5^  cubic  feet  (158  liters)  or  more  of  poisonous  gases 
from  a  Impound  charge  have  been  eliminated  from  the  permissible  list. 

BALLISTIC  FENDXTLTTU. 

Observations  and  tests  in  the  field  have  shown  that  the  ballistic 
pendulum  and  pressure  gages  measure  the  propulsive  effect  which 
approximately  corresponds  to  the  heaving  or  pushing  force  of  explo- 
sives more  nearly  than  any  of  the  other  apparatus  used  in  testing  ex- 
plosives at  the  Pittsburgh  experiment  station.  The  tests  with  small 
lead  block,  the  Trauzl  lead  block,  and  the  rate-of-detonation  apparatus 
measure  approximately  the  disruptive  (shattering)  effect  of  explo- 
sives. It  has  been  impossible  to  devise  a  single  piece  of  apparatus 
for  measuring  both  the  propulsive  and  disruptive  effects  of  explosives, 
and  it  is  questionable  if  the  combined  effects  determined  by  a  single 
apparatus  and  expressed  as  the  total  energy  of  an  explosive  would  be 
of  any  practical  value.  The  useful  work  explosives  can  do  depends 
on  the  material  to  be  blasted  and  the  method  of  apphcation,  etc. 
On  accotmt  of  varying  conditions,  certain  characteristics  of  an  ex- 
plosive may  be  of  more  importance  in  some  kinds  of  blasting  than 
in  others.  Evidently  if  each  of  the  fundamental  cbaraci^eristics  of 
explosives  was  expressed  in  comparative  figures  the  information 
would  be  a  useful  guide  in  selecting  an  explosive  for  a  particular 
work.  For  this  reason  comparative  figures  are  given  for  all  tests 
of  explosives  reported  in  this  bulletin. 

NEW    SEQUIBEHENTS    WITH    RESPECT    TO    THE    EFPICIENOT    OP    PEB- 

MISSIBLE   EXPLOSIVES. 

During  the  past  two  years  several  permissible  explosives  have 
been  withdrawn  from  the  market  by  their  manufacturers.  All 
explosives  that  are  no  longer  being  manufactured,  as  well  as  those 
that  have  shown  xmf avorable  results  in  field  tests,  have  been  elimi- 
nated from  the  list. 
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In  the  ballistic-pendulum  test  for  determining  the  propulsiYe 
effect  of  an  explosive  the  standard  deflection  of  the  pendulum  is 
that  produced  by  one-haU  pound  (227  grams)  of  40  per  cent  nitro- 
glycerin dynamite.  Some  explosives  do  not  produce  an  equal 
deflection  unless  they  are  used  in  chaises  of  1  pound  (454  grams)  or 
more,  and  it  has  been  found  that  these  explosives  must  be  used  in 
chaises  of  more  than  1^  pounds  in  order  to  satisfactorily  break 
down  coal.  It  is  believed  that  in  gaseous  or  dusty  coal  mines  no 
explosive  can  be  used  safely  in  quantities  greater  than  1^  poimds 
per  shot.  Consequently  all  explosives  that  under  normal  condi- 
tions of  mining  can  not  be  satisfactorily  used  in  charges  of  1^  pounds 
or  less  have  been  eliminated  from  the  permissible  hst. 

CALOBIMETEB. 

In  tests  to  determine  the  quantity  of  heat  set  free  all  explosives 
are  now  fired  in  their  original  wrappers.  By  detennining  the  quan- 
tity of  heat  evolved  in  the  calorimeter,  the  potential  energy  of 
explosives  can  be  computed.  The  potential  energy  thus  obtained 
represents  the  maximtim  work  an  explosive  can  theoretically  accom- 
plish, but  as  the  useful  work  resulting  from  the  use  of  explosives  is 
a  small  percentage  of  the  maximum,  and  varies  considerably  with 
the  different  classes  of  explosives,  knowledge  of  the  potential  energy 
of  explosives  is  of  little  value  in  selecting  a  suitable  explosive. 

Ejiowledge  of  the  quantity  of  heat  evolved  on  explosion  is  useful 
in  determining  the  temperature  of  explosion,  but  too  great  an 
emphasis  must  not  be  placed  on  flame  temperature  alone  as  a  measure 
of  the  permissibility  of  an  explosive  for  use  in  coal  mines.  One 
explosive  may  develop  a  lower  temperature  on  explosion  than 
another,  yet  the  duration  of  the  flame  may  be  such  as  to  render  the 
explosive  of  lower  flame  temperature  unsuitable  for  use  in  coal  mines. 

A  drill  hole  in  coal  or  rock  when  filled  with  a  charge  of  explosive 
13  practically  free  of  air;  therefore  these  conditions  must  neces- 
sarily be  simulated  in  experimental  tests.  In  the  calorimeter  the  air 
is  almost  entirely  removed  when  explosives  are  tested.  Explosives 
sometimes  detonate  incompletely  and  evolve  oxides  of  nitrogen.  It 
is  generally  recognized  that  a  vacuum  prevents  the  explosion  of 
powder,  and  that  high  explosives  are  more  likely  to  detonate  incom- 
pletely when  fired  in  a  vacutim,  especially  when  the  charging  density- 
is  low.  It  was  therefore  sometimes  necessary  to  make  several  calori- 
meter tests  in  order  to  obtain  satisfactory  results.  An  incomplete 
detonation  or  the  evolution  of  oxides  of  nitrogen  in  a  calorimeter  test 
should  not  be  interpreted  as  an  unfavorable  result,  for  the  reason 
that  in  practice  explosives  are  never  fired  in  a  vacuum. 
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GAS  AND  DTJST  OALLBBY  NO.  1. 

The  position  of  the  cannon  in  the  gas  and  dust  gallery  No.  1  has 
been  changed  (see  PL  I,  A).  Formerly  the  cannon  was  embedded 
in  the  concrete  head  of  the  gallery  and  the  replacement  of  worn-out 
camions  was  difficult  and  expensive.  That  end  of  the  gallery  which 
was  embedded  in  a  concrete  head  is  now  closed  by  a  steel  head 
having  in  the  center  a  hole  12  inches  in  diameter.  The  cannon  is 
mounted  on  a  4-wheel  truck  which  runs  on  a  30-inch  (76.2-centimeter) 
gage  track,  and  is  placed  so  that  the  axis  of  its  bore  hole  coincides 
with  the  longitudinal  axis  of  the  gallery.  After  the  cannon  is  loaded 
it  is  rolled  against  the  steel  head  and  a  close  fit  is  made  by  means  of 
a  rubber  gasket.  A  concrete  arch  surrounds  the  cannon  to  prevent 
pieces  of  metal  from  flying  in  the  event  of  the  cannon  bursting.  Behind 
the  truck  and  19  feet  from  the  head  of  the  gallery  is  a  concrete  barri- 
cade. The  mouth  of  the  cannon  is  in  the  same  relative  position  as 
when  the  cannon  was  embedded  in  the  concrete  head.  The  change 
made  does  not  affect  the  tests,  while,  on  the  other  hand,  a  worn-out 
cannon  can  be  easily  replaced.  It  has  been  found  that  all  explosives 
which  pass  official  tests  1,  3,  and  4  always  pass  tests  2  and  5.  In 
view  of  this  fact  tests  2  and  5  have  been  discontinued  as  they  were 
not  considered  discriminative. 

CONSTBUCTION  OP  CANNON. 

The  principal  expense  involved  in  testing  explosives  is  the  cost  of 
the  cannon  used.  Various  materials  and  methods  of  construction 
have  been  tried  in  an  endeavor  to  obtain  cannoii  which  would  best 
resist  the  shattering  effects  of  the  explosive.  Black  blasting  powder 
and  other  slow-burning  explosives  have  little  effect  on  a  cannon, 
but  detonating  explosives  invariably  disrupt  it  after  a  certain  niun- 
ber  of  shots.  Six  thousand  four  hundred  and  eighty-six  shots  were 
fired  in  the  first  46  cannons  used  at  the  Pittsburgh  experiment  sta- 
tion, or  an  average  of  141  shots  per  cannon.  Of  these  cannon  12  were 
relined  with  forged  steel  liners  varying  in  diameter  from  5  to  6  inches, 
so  that  the  average  nimiber  of  shots  per  liner  was  112.  With  the 
type  of  cannon  now  used  it  is  possible  to  use  two  and  sometimes 
three  extra  liners  with  each  cannon,  thus  increasing  the  number  of 
shots  that  can  be  fired  in  each  cannon  and  materially  reducing  the 
expense.  The  first  cannons  used  at  the  testing  station  were  of  the 
built-up  type,  the  jacket  being  of  cast  low-carbon  steel  and  the  liner 
of  forged  nickel  steel.  Later  solid  steel  forgings  having  the  same 
length  and  diameter  as  the  built-up  cannons  were  tried.  Different 
requirements  covering  the  composition  and  physical  properties  of  the 
materials  were  specified  in  the  purchase  of  the  solid  forgings.    These 
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forgings  made  with  varying  amounts  of  carbon  and  nickel  were 
tried,  and  one  cannon  was  made  containing  0.20  per  cent  of  vanadium. 
The  solid  steel  forgings  proved  less  resistant  than  the  built-up  can- 
nonS;  and  hence  the  use  of  such  forgings  was  discontinued.  A  wire- 
woimd  cannon  designed  by  the  Ordnance  Department  of  the  United 
States  Army  and  manufactured  at  Watervliet  Arsenal  burst  after  a 
few  limit-charge  tests.  The  jacket  of  the  built-up  cannons  now  used 
is  a  casting  of  soft  steel  thoroughly  annealed.  The  liner  is  a  soft 
low-carbon  steel  forging  which  elongates  when  explosives  are  fired 
within  it.  Hence  the  jacket  is  not  subjected  to  the  strain  it  would 
receive  if  elongation  did  not  take  place. 

NONMETALUC  LINEB8. 

Several  tests  have  been  made  with  small  nonmetallic  liners  in  an 
endeavor  to  prevent  the  breaking  of  liners  and  jackets  by  explosions. 
Portland  cement,  plaster  of  Paris,  and  cement  liners  containing 
crushed  coal  were  tried,  but  it  was  found  that,  although  the  life  of  a 
cannon  might  possibly  be  prolonged,  the  liners  were  pulverized,  and 
the  pulverized  material  projected  into  the  gallery  had  a  tendency 
to  reduce  the  temperature  of  the  gaseous  products  of  explosion.  Con- 
sequently, the  use  of  such  liners  was  not  deemed  desirable  in  deter- 
mining the  permissibility  of  explosives.  In  several  instances  non- 
permissible  explosives  passed  one  or  more  of  the  gas  and  dust  gallery 
tests  when  nonmetallic  liners  were  used,  but  failed  under  the  regular 
conditions  of  testing. 

ADOBE   SHOTS  IN   GOAL  MINES. 

Results  of  tests  made  in  the  gallery  indicate  that  no  explosive 
is  safe  for  ''adobe  shots''^  in  breaking  up  large  pieces  of  rock  or 
coal  or  in  breaking  down  stoppings  in  coal  mines  where  either  gas  or 
dry  inflammable  dust  is  present  in  quantities  or  under  conditions 
that  indicate  danger.  Black  blasting  powder,  even  when  covered 
with  large  quantities  of  clay,  can  not  be  safely  or  effectively  used 
for  this  work.  Ordinary  dynamites  are  equaQy  unsafe,  even  when 
put  in  a  bucket  of  water  placed  on  the  material  to  be  broken  they 
give  sufficient  flame  to  cause  the  explosion  of  an  inflammable  mixture 
of  gas  and  air.  Permissible,  explosives  have  been  found  to  be  safer 
than  black  blasting  powder  or  ordinary  dynamite  for  use  in  ^*  adobe 
shots,''  but  the  chaises  used  must  be  small  and  must  be  well  covered 
with  moist  clay.  However,  all  permissible  explosives,  whe^  fired 
under  these  conditions  in  the  presence  of  a  mixture  of  gas  and  au: 
containing  8  per  cent  of  gas  (methane)  are  likely  to  cause  ignition 
and  consequently  ''adobe  shots"  should  never  be  fired  in  the  pres- 

a  For  an  "  adobe  shot "  the  explosive  is  placed  on  the  thing  to  he  broken.   This  method  of  using  ao 
ezi^osive  is  also  called  "  bulldoeing.'' 
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ence  of  fire  damp.  In  emergencies;  such  as  in  fighting  mine  fires  or 
in  recovery  work  when  "adobe  shots"  are  absolutely  necessary,  the 
working  place  should  be  carefully  tested  for  gas  before  firing.  The 
charge  used  should  not  exceed  1^  pounds  and  it  should  be  well  cov- 
ered with  moist  clay. 

MAXIMX7M   CHARGE  PERMISSIBLE   FOR  USE   IN   COAL  MINES. 

The  underlying  reasons  why  one  explosive  passes  and  another  fails 
when  tested  in  the  presence  of  inflammable  gas  and  dust  have  been 
investigated  at  the  Pittsburgh  experiment  station. 

The  results  of  tests  indicate  that  any  explosive  fired  in  large  quan- 
tities will  cause  ignition  of  inflammable  gas  and  coal  dust  mix- 
tures. An  arbitrary  chaise,  namely,  IJ  pounds,  has  been  established 
as  the  maximum  amount  of  explosive  to  be  used  in  making  tests,  and 
all  explosives  in  order  to  be  placed  on  the  permissible  list  must  pass 
the  gas  and  dust  test  with  this  charge.  A  charge  of  1^  pounds  of 
explosive  per  drill  hole  should  never  be  exceeded  in  practice;  in  good 
mining  practice  the  charge  need  not  exceed  1  pound,  an  amount 
which  gives  a  greater  factor  of  safety. 

Explosives  of  many  different  compositions  are  now  on  the  permis- 
sible list,  but  every  one  is  designed  to  give  on  detonation  a  relatively 
low  flame  temperature  and  a  flame  of  short  duration.  To  ignite 
inflammable  gas  and  coal  dust  mixtures  a  certain  temperature,  acting 
through  a  certain  length  of  time,  is  required.  The  flame  temperature 
of  all  explosives  exceeds  the  ignition  temperature  of  inflammable  gas 
and  dust  mixtures,  but  fortunately  the  flame  of  a  permissible  explo- 
sive properly  detonated  is  of  such  short  duration  that  under  the  con- 
ditions of  blasting  down  coal  it  does  not  ignite  the  inflammable 
mixtures.  Manifestly,  any  factor  that  increases  the  duration  of  the 
flame  temperature  of  a  permissible  explosive  increases  the  danger 
in  the  use  of  that  explosive.  Such  danger  is  present  when  an  im- 
proper detonator  is  used  or  when  any  explosive  is  not  used  in  accord- 
ance with  the  provisions  prescribed  by  the  Bureau  of  Mines. 

NEW  TESTING  APPABATtTS. 
PENDULUM  FRICTION  MACHINE. 

A  new  test,  the  sensitiveness  of  explosives  to  frictional  impact 
(a  glancing  blow)  has  been  adopted  by  the  Bureau  of  Mines.  The 
apparatus  used  (see  PL  I,  B,  and  fig.  1)  comprises  a  steel  anvil  and  a 
swinging  steel  shoe.  The  anvil  has  a  smooth  face,  3}  inches  wide  by  12 
inches  long,  in  the  middle  of  which  are  three  grooves  for  holding  the 
charge  of  explosive.  The  radius  of  swing  of  the  shoe  is  6  feet  6}  inches 
and  the  radius  of  curvature  of  its  face  is  10^  inches.  The  shoe  can 
be  faced  with  hardwood.fiber  or  other  material,  and  may  be  dropped 
from  heights  of  19.7  to  78.7  inches  H  to  2  meters).     Weights  of  2.2 
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to  44  pounds  (1  to  20  kg.)  are  used  in  the  tests.    Details  of  the  machine 
are  shown  in  figure  1. 

The  test  was  devised  to  represent  what  may  happen  in  mining 
when  a  cartridge  of  explosive  becomes  lodged  in  a  drill  hole  and 
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must  be  forced  home  by  ramming.  Some  explosives  have  been 
foimd  to  be  extremely  sensitive  to  the  frictional-impact  test  even 
when  the  shoe  is  faced  with  wood  fiber.  Consequently  great  care 
should  be  exercised  with  all  explosives  in  charging  drill  holes. 
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LABOE   IMPACT   BIACHINE. 

A  new  and  much  larger  impact  machine  (fig.  2)  constructed  some- 
what on  the  same  principle  as  the  small  impact  machine  already 
mentioned  was  recently  installed  at  the  Pittsburgh  testing  station. 
Like  the  small  machine  it  is  designed  to  determine  the  sensitiveness 
of  explosives  to  explosion  by  direct  impact.  The  falling  weight 
used  in  the  test  is  200  kilograms  (441  pounds);  the  maximum  height 
from  which  the  hammer  can  be  dropped  is  7.5  meters  (24.6  feet); 
the  charge  of  explosive  used,  20  grams  (309  grains),  is  placed  on 
the  anvil  in  the  form  of  a  flat  disk  10  centimeters  (3.94  inches)  in 
diameter.  The  face  of  the  anvil  and  the  face  of  the  plunger  are 
12.7  centimeters  (5  inches)  in  diameter.  Tests  are  conducted  in 
the  same  way  as  with  the  small  impact  machine.  The  advantage 
of  the  lai^e  machine  is  that  it  permits  the  use  of  larger  charges  of 
explosives,  thus  minimizing  the  variables,  such  as  the  physical 
constitution  of  the  explosive,  that  affect  the  results  obtained  with 
the  small  machine;  the  charge  being  larger  more  nearly  represents 
the  explosive,  and  the  irregularities  with  respect  to  the  composition 
and  size  of  the  ingredients  of  an  explosive  are  minimized.  Another 
advantage  is  that  in  the  tests  there  is  usually  a  sharp  report  or  no 
explosion,  whereas  with  an  impact  machine  using  a  small  quantity 
of  explosive  it  is  difficult  sometimes  to  determine  whether  an  explo- 
sive detonates  completely  or  partly,  or  merely  ignites.  The  greatest 
advantage  of  the  large  machine  is  that  tests  can  be  made  with 
explosives  when  confined  between  two  disks,  9.8  cm.  in  diameter, 
fitted  into  a  piece  of  Shelby  steel  tubing  the  height  of  which  is  equal 
to  the  total  thickness  of  the  two  disks.  From  comparative  tests 
with  large  and  small  machines  it  is  believed  that  the  results  obtained 
with  the  large  impact  machine  when  the  explosives  are  confined 
more  nearly  represent  the  relative  •sensitiveness  of  explosives  to 
direct  impact. 

CIiASSES  OF  PEBMISSIBIiE  EXPIiOSIVES. 

In  order  that  the  users  of  explosives  may  know  the  nature  and 
characteristic  component  of  each  of  the  permissible  explosives,  and 
as  an  aid  in  the  selection  of  an  explosive  to  meet  a  specific  require- 
ment, the  permissible  explosives  have  been  arranged  in  four  classes. 
In  classifying  the  permissible  explosives,  both  the  composition  of 
the  explosive  and  the  behavior  of  the  characteristic  component 
material  when  stored  or  used  were  considered. 

The  four  classes  and  the  general  characteristics  of  the  permissible 
explosives  are  as  follows: 

Class  1,  ammonium  nitrate  explosives. — To  class  1  belong  all  the 
explosives  in  which  the  characteristic  material  is  ammonium  nitrate. 
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The  class  is  divided  into  two  subclasses.  Subclass  a  includes  every 
ammonium  nitrate  explosive  that  contains  a  sensitizer  that  is  itself 
an  explosive.  Subclass  h  includes  every  ammonium  nitrate  explosive 
that  contains  a  sensitizer  that  is  not  in  itself  an  explosive.  The 
ammoniimi  nitrate  explosives  of  subclass  a  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  nitroglycerin,  nitrocel- 
lulose, or  nitrosubstitution  compounds  which  are  used  as  sensitizers. 
The  ammonium  nitrate  explosives  of  subclass  h  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  resiuous  matter  or 
other  nonexplosive  substances  used  as  sensitizers. 

All  of  the  ammonium  nitrate  explosives  readily  absorb  moisture 
from  the  atmosphere,  and  great  care  should  be  taken  in  storing  them 
or  in  using  them  in  damp  places.  They  are  not  suitable  for  use  in 
wet  mines.  If  in  such  a  miue  a  cartridge  of  an  ammonium  nitrate 
explosive  is  opened  and  its  contents  exposed  for  only  a  few  hours  to 
the  damp  atmosphere  the  explosive  may  deteriorate  and  later  fail 
to  detonate  completely.  The  ammonium  nitrate  explosives  when 
stored  in  well-ventilated  magazines  for  only  a  few  months  have  shown 
signs  of  deterioration,  and  nearly  all  explosives  of  this  class  after  six 
months'  storage  at  the  Pittsburgh  experiment  station  have  either 
failed  to  detonate  or  have  detonated  incompletely.  For  this  reason 
ammonium  nitrate  explosives  should  be  obtained  in  a  fresh  condition 
and  should  be  used  as  soon  as  possible  after  their  receipt.  When 
fresh,  these  explosives,  if  properly  detonated,  have  the  advantage  of 
producing  only  small  quantities  of  poisonous  and  inflammable  gases, 
and  are  adapted  for  mines  that  are  not  unusually  wet,  and  also  for 
mines  and  working  places  that  are  not  well  ventilated. 

Class  2,  hydrated  exploswes. — To  class  2  belong  all  explosives  in 
which  salts  containing  water  of  crystallization  are  the  characteristic 
materials.  The  explosives  of  this  class  are  somewhat  similar  in  com- 
position to  the  ordinary  low-grade  dynamites,  except  that  one  or  more 
salts  containing  water  of  crystallization  are  added  to  reduce  the  flame 
temperature.  They  are  easily  detonated,  produce  only  small  quanti- 
ties of  poisonous  gases,  and  most  of  them  can  be  used  successfully  in 
damp  working  places. 

Class  5,  organic  nitrate  explosives, — ^To  class  3  belong  all  the  explo- 
sives in  which  the  characteristic  material  is  an  organic  nitrate  other 
than  nitroglycerin.  The  permissible  explosives  listed  under  class  3 
are  nitrostarch  explosives.  They  produce  small  quantities  of 
poisonous  gases  on  detonation. 

Class  4f  nitroglycerin  explosives, — To  class  4  belong  all  the  ex- 
plosives in  which  the  characteristic  material  is  nitroglycerin.  These 
explosives  contain  free  water  or  an  excess  of  carbon,  which  is  added  to 
reduce  the  flame  temperature.  A  few  explosives  of  this  class  contain 
salts  that  reduce  the  strength  and  shattering  effect  of  the  explosives 
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on  detonation.  Nitroglycerin  explosives  have  the  advantages  of 
detonating  easily  and  of  not  being  readily  affected  by  moisture.  On 
detonation  some  of  them  produce  as  large  quantities  of  poisonous  and 
inflammable  gases  as  black  blasting  powder,  and  for  this  reason  they 
should  not  be  used  in  mines  or  working  places  that  are  not  well 
ventilated. 

RATB  OF  DBTOKATION  OF  PERMISSIBI«B  BXPI.OSITBS. 

The  enei^  developed  by  the  detonation  of  permissible  explosives, 
like  that  of  other  high  explosives,  depends  on  the  change  of  the 
small  solid  and  liquid  particles  of  the  explosive  into  large  volumes 
of  highly  heated  gases  and  on  the  rate  of  detonation  or  the  rapidity 
with  which  these  gases  are  formed.  The  force  exerted  by  these 
gases  is  the  means  of  producing  useful  effects.  The  rate  of  detona- 
tion is  the  governing  factor  in  judging  the  efficiency  of  an  explosive 
and  it  offers  the  best  single  means  for  selectiag  explosives  suitable  to 
meet  the  varying  conditions  of  coal  mining. 

During  the  conversion  of  an  explosive  into  sohd,  liquid,  and 
gaseous  products  the  cooling  effect  of  the  walls  of  the  drill  hole  tends 
to  lower  the  temperature  of  the  gases  so  that  the  maximum  theoretical 
temperature,  or  pressure,  is  never  reached.  The  more  nearly  instan- 
taneous the  explosive  reaction,  all  other  conditions  being  equal,  the 
greater  the  volume  of  highly  heated  gases  produced,  and  the  more 
violent  the  effect. 

To  meet  the  varying  conditions  of  coal  mining  in  this  country 
the  explosives  manufacturers  have  devised  explosives  with  rates 
of  detonation  that  range  from  4,750  to  14,560  feet  (1,447  to  4,439 
meters)  per  second. 

StTOOBSTIONS  USEFITX.  IX  SBIjIBCTINO  BXPIiOSITBS. 

It  is  hoped  that  with  few  exceptions  the  classification  given  will 
serve  as  a  useful  guide  for  comparing  the  practical  value  of  permis- 
sible explosives.  However,  in  order  to  select  the  most  suitable,  users 
of  these  explosives  should  conduct  a  series  of  experiments  in  the 
mine.  The  information  given  herein  should  eliminate  the  necessity 
of  testing  many  different  classes  and  brands  of  explosives. 

It  is  evident  that  for  certain  work  in  which  a  shattering  effect  is 
desired,  as  in  driving  through  or  *' brushing"  rock,  or  in  producing 
coal  for  coking  purposes,  the  explosive  reaction  should  be  rapid. 
Hence,  permissible  explosives  having  a  high  rate  of  detonation 
should  be  selected.  Similarly,  for  use  in  soft  friable  coal  to  pro- 
duce lump  or  steam  coal,  selection  should  be  made  of  a  permissible 
explosive  that  dietonates  slowly  and  hence  gives  a  more  prolonged 
pressure.  In  medium  hard  coal  an  explosive  having  an  intermediate 
rate  of  detonation  would  be  expected  to  be  most  suitable,  but  is  not 
always  so.    Coals  vary  in  hardness  and  coal  beds  vary  in  the  number 
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and  position  of  the  joints,  partings,  shale  bands,  etc.  These  facts 
have  to  be  considered  in  mining. 

An  explosive  having  a  very  low  rate  of  detonation  is  not  always 
best  suited  for  mining  soft  friable  coal,  because  some  of  its  energy  may 
be  lost  by  its  gases  escaping  through  cracks  and  fractures  in  the  bed. 
Under  such  conditions  an  explosive  having  an  intermediate  rate 
produces  the  most  economical  results. 

Another  factor  to  be  considered  in  connection  with  an  explosive 
having  a  high  rate  of  detonation  or  the  use  of  a  large  charge  of  any 
explosive  is  the  possible  effect  on  the  roof,  or  the  strata  overlying 
the  coal  bed.  Large  charges  of  explosives  having  a  very  high  rate 
of  detonation  cause  small  fissures  that  may  later  necessitate  extra 
timbering  to  prevent  falls  in  rooms  or  entries,  and  thus  make  the  opera- 
tion of  a  mine  more  costly. 

It  is  well  known  that  the  pressure  developed  by  the  detonation 
of  explosives  in  a  closed  space  is  directly  proportional  to  the  charging 
density;  in  other  words,  a  If -inch  drill  hole  loaded  with  l^-inch 
cartridges  wiU  produce  on  the  walls  of  the  drill  hole  about  one-half 
as  much  pressure  per  square  inch  as  it  would  if  loaded  with  cartridges 
of  If-inch  diameter.  A  limited  experience  indicates  that  explosives 
having  a  rapid  rate  of  detonation  will  yield  a  larger  proportion  of 
lump  coal  if  used  in  a  hole  of  larger  diameter  than  the  cartridge. 
Such  air  spacing  to  reduce  the  shattering  effect  of  an  explosive  is 
recoDomended  by  the  Bureau  of  Mines,  provided  the  charge  is  confined 
with  moist  clay  stemming  tamped  to  the  mouth  of  the  drill  hole. 

Other  less  desirable  means  of  reducing  the  shattering  effect  of  an 
explosive  are  the  use  of  an  improper  detonator,  reducing  the  amount 
of  stemming,  using  an  explosive  that  is  frozen  or  partly  frozen, 
using  an  explosive  in  cartridges  of  less  diameter  than  those  originally 
tested,  and  introducing  foreign  substances  between  the  cartridges  of 
an  explosive;  but  these  methods  are  all  dangerous.  They  not  only 
eliminate  the  safety  qualities  of  the  explosive  but  increase  the  chance 
of  a  resultant  dust  or  gas  explosion,  and  should  not  be  adopted. 

RBSUIiTS  OF  TBSTS  WITH   DETOXATORS  ANT>   EIjECTRIC  DETO- 
NATORS. 

Permissible  explosives  are  detonated  by  means  of  detonators  or 
electric  detonators,  which  are  graded  by  number  according  to  the 
weight  of  fulminating  charge.  Different  types  of  explosives  require 
detonators  of  different  strength.  Detonators  are  usually  fired  with 
fuse.  A  detonator  fitted  with  a  means  of  firing  it  with  an  electric 
current  is  called  an  electric  detonator.  As  an  electric  detonator  is 
embedded  in  the  explosives  with  which  it  is  used  and  is  isolated  by 
the  stemming,  it  is  the  safest  means  of  igniting  a  charge  of  explosive 
in  a  gaseous  mine. 
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One  of  the  conditions  prescribed  by  the  Bureau  of  Mines  for  a 
permissible  explosive  is  that  it  shall  be  fired  by  a  detonator,  preferably 
an  electric  detonator  having  a  charge  equivalent  to  that  of  the 
standard  detonator  used  at  the  Pittsburgh  experiment  station.  It 
is  further  required  that  this  charge  shall  consist  by  weight  of  90  parts 
of  mercury  fulminate  and  10  parts  of  potassium  chlorate  (or  their 
equivalents). 

An  investigation  undertaken  by  the  Bureau  of  Mines  shows  that 
the  average  percentage  of  failures  of  explosives  to  detonate  is  increased 
over  20  per  cent  when  the  lower  grades  of  electric  detonators  were 
used  instead  of  No.  6  electric  detonators,  and  over  50  per  cent  when 
compared  with  No.  8  electric  detonators.**  However,  when  sensitive 
explosives  were  tested  under  the  conditions  most  favorable  to  detona- 
tion, the  same  energy  was  developed  irrespective  of  the  detonator 
used.  When  tests  were  made  with  insensitive  explosives  under 
conditions  which  similate  their  use  in  blasting,  the  enei^  increased 
with  the  grade  of  the  detonator  used.  For  example,  the  averse 
explosive  efficiency  of  four  different  explosives  was  increased  10.4 
per  cent  by  using  a  No.  6  electric  detonator  instead  of  a  No.  4  electric 
detonator,  and  14.9  per  cent  by  using  a  No.  8  electric  detonator. 
The  tests  emphasize  the  importance  of  using  explosives  in  a  fresh 
condition,  and,  since  this  is  not  always  possible,  the  importance  of 
strong  detonators  in  blasting  to  offset  any  deterioration  of  the 
explosive  through  ageing. 

The  results  substantiate  these  conclusions:  (1)  That  the  explosive 
efficiency  of  the  detonators  made  by  any  one  manufacturer  increases 
with  the  grade;  (2)  that  No.  6  electric  detonators  of  four  different 
makes  have  practically  the  same  explosive  efficiency;  and  (3)  each  is 
considered  equivalent  to  the  Pittsburgh  experiment  station  standard 
No.  6  electric  detonator  for  use  with  permissible  explosives  in  coal 
mines  when  the  No.  6  grade  is  prescribed. 

RBSTTIiTS  OF  TESTS  OF  PERMISSIBIiB  EXPIjOSITES. 

iBTNA  COAL  POWDEB  AA. 

Explosive,  ^tna  coal  powder  AA. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Mtosk  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  261  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

a  Hall,  Clarence,  and  Howell,  S.  P.,  Investigations  of  detonators  and  electric  detonators:  BnlL  59, 
Bureau  of  Mines,  1913,  p.  73. 


HESULTS  OF  TESTS. 
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Unit  deflective  cbaige  as  determined  by  the  ballistic  pendulum: 

Date,  September  28, 1909. 

Unit  swing  on  this  date,  2.65  inches. 

Weight  of  chaige,  in  grams,  230,    230,    230. 

Swing,  in  inches,  2.50,    2.63,    2.46. 

Average  swing,  in  inches,  2.53. 

2.53  :  2.65  :  :  230  :  (241). 
Therefore  the  unit  deflective  charge  of  £tna  coal  powder  A  A  is  241  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


TB8T  1. 

Sept.  20... 

Do.... 

Do.... 

Do.... 
Sept.  30... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Tb8T  3. 

Sept.  30... 
Do.... 
Do.,.. 


Weight 

Methane 
and 

charge. 

ethane. 

Onmt. 

Perceni, 

341 

7.81 

241 

8.11 

TAX 

7.81 

241 

7.81 

241 

8.06 

341 

8.05 

241 

8.06 

241 

7.87 

241 

7.79 

341 

7.87 

241 

241 
241 

Result. 


No  tenition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  laiition. 
Do. 
Do. 


Date  (1900). 


Test  3— Con, 

Sept.  30 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  27 

Do 

Do 

Do 

Do 


Weteht 

Methane 
and 

charge. 

ethane. 

ChravM. 

Percent. 

241 
241 
241 
241 
241 
241 
241 

a680 

4.44 

0680 

4.19 

0680 

4.20 

0680 

4.19 

«680 

4.19 

Result. 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  imltkm. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Sept.  28 

Smt.  29 

Do. 


Distance 

between 

spaft  points. 


MmmeUn. 
18.00 
17.55 
18.05 


Per^heral 

speed  of  (bum 

per  second. 


Meters. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meters. 
2,377 
2,450 
2,382 


Average  rate  of  detonation,  2,403  meters  (7,880  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Height  of 
photograph. 


Apr.  11 
Do 
Do 


MUUmeten. 
13.50 
13.00 
12.00 


Height  of 
flune. 


Iwikee. 
17.05 
16.42 
15.16 


Duration 
distance. 


Mtmmetert. 
6.50 
7.50 
5.00 


Duration  of 
flame. 


MiUUeamde. 

0.325 

.375 

.250 


Average  height  of  flame,  16.21  inches. 
Average  duration  of  flame,  0.317  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  January  5, 1910. 


Distance  of 
faU. 

Number  of 
tiiala. 

Result. 

Distance  of 
falL 

Number  of 
triata. 

Result 

Cmtimeters. 
20 
18 
16 
12 

1 
1 
1 

1 

Explosion. 
Do. 
Do. 
Do. 

Centimeters. 
10 
U 
11 
10 

1 
3 
1 
4 

No  explosion. 

Do. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimetere 
(3.94  inches). 

Explo8ion-by-Inpluence  Test. 
Weight  of  each  cartridge,  166  grams. 


Date  (1912). 

DistAnce 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  14 

Inches. 
6 

4 
2 
3 
4 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 

Dec.  14 

Intikes. 
4 

6 
5 
5 

Exploded. 

Did  not  explode. 

Do 

Deo.  16 

Do 

Do 

Do. 

Do 

Do 

Do. 

Do 

1 

The  minimum  distance  at  which  no  explosion  occurs  aetablished  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Dbtebxined 

BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  miUimeterBl  kilogram  per  square  centimeter. 


Date  (1912-13). 


Dec.  30. 
Jan.  2.. 

Do. 
Dec.  28. 
Dec.  30. 

Do. 
Dec.  27. 

Do. 
Dec.  28. 


Charge.a 

Specific 

gravity. 

(hams. 

212 

1.02 

212 

1.02 

212 

1.02 

212 

1.02 

212 

1.02 

212 

1.02 

212 

1.02 

212 

1.02 

212 

1.02 

Heiicht  of 
curve. 


MiOimeters, 
30.00 
30.50 
29.50 
29.00 
30.25 
30.25 
27.75 
28.00 
28.75 


Pressure 
per  square 
centimeter. 


Rilogmms. 
98.75 
95.31 
92.19 
90.62 
94.53 
94.53 
86.72 
87.50 
89.84 


Cooling 
surface. 


A 
A 
A 
B 
B 
B 
C 
C 
C 


Average 

pnssnre 

per  square 

centimeter. 


RUograms. 
93.75 

98.3 

881 03 


a  Including  12  grams  original  wrapper. 

P=1.911A-f-0.5B— 1.4110=101.58  kilograms  per  square  centimeter. 

V==  15,000  cubic  centimeters.        S=1.02.        W=212  grains. 

VPS 
M=-w- =7,331  kilograms  per  square  centimeter  (104,270  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Exflositb  akd  12  Grams 

OF  the  Original  Wrapper. 


Date,  December  10,  1912. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Grams. 

27.7 

Liquid  ( water) 61.5 

Gaseous 111.  6 


RESULTS  OF   TESTS.  25 

Large  GaIiObibs  Dsvblopbd  by  1  Kelogbau  of  thb  Explosivb. 
Chaige,  106  granu.o 


Date  (1913). 


Jan.  9.. 
Do, 
Do. 


Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Kilograms. 
81.96 
81.95 
81.95 

1.111 
1.106 
1.059 

Heat  devel- 
oped per 
kilogram. 


QOoriea. 
971.9 
967.6 
926.0 


o  Including  6  grams  of  wiglnal  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  955.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grains. 


Date  (1910). 


10. 
Do. 
Do. 


Height 


Before 
explosion. 


MiUimeUrs. 
63.50 
63.00 
63.50 


After 
explosion. 


MiUimeters. 
56.00 
56.60 
56.25 


Ck>mpre68ion. 


MUUmaers 
7.60 
7.60 
8.26 


Average  compression,  7.8  millimeters  (0.31  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1910). 


Hay  26 
Do 
Do 


Volume  of  bore  hole. 

Exnansion 

of  bore 

hole. 

Before 
shot. 

After 
shot. 

Cubiecenti- 

meUrs. 

63 

63 

63 

Cubiecenti- 

meters. 

229 

236 

230 

Cubic  centi- 
meters. 
166 
173 
167 

Tempera- 
ture of 
blook. 


»C. 


16 
15 
15 


Average  expansion  of  bore  hole,  169  cubic  centimeters  (10.31  cubic  inches). 

MTNA  COAL  POWDER  C. 

Explosive,  MtnA  coal  powder  C. 
Class  4,  nitroglycerin. 
Manufactured  by  the  MtnA  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches.^ 

Length  of  cartridge,  8  inches. 

Average  weight,  316  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.22. 

Color  of  explosive,  drab. 

Consistencyy  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PEBMISSIBLB  EXPLOSIVES. 


Unit  deflective  charge  as  detennined  by  the  ballistic  pendulum: 

Date,  September  28, 1909. 

Unit  swing  on  this  date,  2.65  inches. 

Weight  of  chaige,  in  grams,  340,    340,    340. 

Swing,  in  inches,  2.64,    2.63,    2.59. 

Average  swing,  in  inches,  2.62. 

2.62  :  2.65  ::  340  :  (344). 
Therefore  the  imit  deflective  charge  of  iBtna  coal  powder  C  is  344  grams. 

Gas  and  Dust  Gallery  No.  1. 


I>ate  (1909). 


Test  l. 

Sept  29... 
Do.... 
Do.... 
Do.... 
Do.... 

Do 

Do.... 
Do.... 
Do.... 
Do.... 

Tiffr  3. 

Sept  30... 

Octl 

Do.... 


Weight 

and 

charge. 

ethane. 

OraTTU. 

Percent. 

344 

8.55 

344 

8.55 

344 

8.38 

344 

8.38 

344 

8.05 

344 

8.05 

344 

7.88 

344 

7.96 

344 

7.78 

344 

8.05 

344 
344 
344 

• 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1900). 


Teot  3— CJon 

Ocstl 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept  27 

Do 

Do 

Do 

Do 


Weisht 
charge. 


Oranu. 
344 
344 
344 
344 
344 
344 
344 


a680 
0680 
a680 
a680 
O680 


and 
ethane. 


Percent. 


4.44 
4.39 
4.62 
4.46 
4.35 


Result. 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Noixnttion. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Sept  28 
Sept.  30 
Octl.. 


Distance 

between 

spark  points. 


ifiUimetert. 
20.72 
19.36 
20.30 


Peripheral 

speed  of  drum 

per  second. 


Meters, 
43.0 
43.0 
43.0 


Rate  of 
detonatioD 
perseoond. 


Meters. 
3,075 
2,221 
2,118 


Average  rate  of  detonation,  2,138  meters  (7,010  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

MaTr  W., 

MilUmeters. 
17.50 
15.75 
15.25 

Indus. 
22.11 
19.80 
19.26 

3iimmeUrs. 
9.00 
7.50 
7.60 

MUSeeeomis. 
0.450 

Do 

.37S 

Do 

.378 

Average  height  of  flame,  20.42  inches. 
Average  duration  of  flame,  0.400  millisecond. 


BESULTS  OF  TESTS. 
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Date,  May  6,  1910. 


Impact  Test. 


Distance  of 
ML 

Number  of 
trials. 

Result. 

Distance  of 
U3L 

^ 

Number  of 
trials. 

Result 

OenUmetert. 

12 

10 

8 

9 

9 

1 

1 
1 
2 

1 

Explosion. 

Do. 
No  explosion. 

Do. 
Explosion. 

CtfUhneters. 
8 
7 
7 
6 

1 
2 

1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  Tnaxinnim  height  at  which  no  explosion  occurs  established  at  6  centimeters 
(2.36  inches). 

Explosion-by-Influbncb  Test. 

Weight  of  each  cartridge,  172  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Dec.  18 

Incket. 
6 

4 
3 
4 
5 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 

Dec,  18 

Inehe$. 
5 
5 
6 
6 

Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BiCHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter=sl  kil()gram  per  square  centimeter. 


DatA  (1912-13). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

PreKnire 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Jan.  2 

Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 

1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 

MilUmeters. 
16.25 
16.25 
17.00 
15.50 
15.25 
15.50 
15.25 
15.00 
15.00 

KilogravM. 
50.78 
50.78 
53.12 
48.44 
47.66 
48.44 
47.66 
46.88 
46.88 

A 
A 
A 
B 
B 
B 
C 
C 
C 

KttonrmM. 

Do 

51.56 

Jv}-  3      .                     -   

Dec.  26. 

Do 

48.18 

Do 

Dec.  27 

Do 

47.14 

Do 

a,  Including  15  grams  of  the  original  wrapper. 

P=1.911A4-0.5B— 1.411C«=56.11  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S»1.08.        W=215  grams. 

VPS 

M=B-^Mr- =4,228  kilograms  per  square  centimeter  (60,140  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

Original  Wrapper. 


Date,  December  11, 1912. 
Solid 


[AnaljBt,  A.  L.  Hyde.] 


Grams. 

81.  7 

Liquid  (water) 11. 8 

Gaseous 102. 6 

91853*»— Bull.  66—13 3 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


CoMPBEssiON  OP  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
ezplosioii. 

After 
oxploston. 

Compression. 

Mar.  10 

MUUmeters. 
63.50 
63.60 
63.50 

Mmmetere. 
62.50 
53  00 
63.00 

MUUmeUr: 
11.00 

Do 

10.50 

Do 

10.50 

Average  compreasion,  10.7  rriillimeters  (0.42  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grains. 


Volume  of  bore  hole. 

ExpansIoD 

or  bore 

hole. 

Temper»- 

Date  (1910). 

Before 
shot. 

After 
shot. 

tm^of 
block. 

May  26 

CvMceefOi- 
meters. 
63 
63 
63 

CvJbkeentir 

meters. 

207 

208 

207 

Cvbieeena- 
meters. 
144 
146 

144 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  144  cubic  centimetera  (8.78  cubic  inches). 

BENTAL  COAL  POWDER  NO.  1-A. 

Explosive,  Bental  coal  powder  No.  1-A. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Independent  Powder  O). 
Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Ixjngth  of  cartridge,  7J  inches. 

Average  weight,  179  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

(V)lor  of  explosive,  gray. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  4,  1911. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  280,    280,    280. 

Swing,  in  inches,  3.41,    3.40,    3.44. 

Average  swing,  in  inches,  3.42. 

3.42  :  3.40  :  :  280  :  (278). 
Therefore  the  unit  deflective  chai^ge  of  Bental  coal  powder  No.  1-A  is  278  grams. 


BBSULTS  OF  TESTS. 
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Gas  and  Dust  Gallery  No.  1 


Date  (1911). 


Test  1. 

Gmmt. 

Dee.  6 

278 

Do 

278 

Do 

278 

Do 

278 

Do 

278 

Do 

278 

Do 

278 

Do 

278 

Do 

278 

Do 

278 

Test  3. 

Dec.  14. 

278 

Do 

278 

Do 

278 

WeUht 
churgB. 


and 
ethane. 


PereerU, 
7.83 
7.91 
8.21 
7.91 
8.22 
8.31 
8.15 
8.06 
8.24 
7.92 


Result. 


Noizoition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1911). 


Test  3— Con. 


Deo.  14. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Test  4. 


Doc.  12. 
Do. 
Do. 
Do. 
Do. 


Weight 

Methane 

of 

and 

charge* 

ethane. 

Grama. 

Percent. 

278 
278 
278 
278 
278 
278 
278 

a680 

4.37 

<i680 

4.42 

a680 

4.17 

0680 

4.29 

a6S0 

4.11 

Result. 


No  Iznition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 
Rate  of  Detonation. 

Diameter  of  cartridge,  1^  inches. 
Electric  detonator  No.  7. 


Date  (1911-12). 


Dec  30 

Jan.  3. 

Do. 


Distance 

between 

spark  points. 


MUUmetert. 
18.60 
19.00 
19.60 


Peripheral 

speed  of  drum 

per  second. 


Metert. 
44.0 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


Metert. 
2,366 
2,368 
2,296 


Average  rate  of  detonation,  2,343  meters  (7,690  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  pf»r  second. 


Date  (1912). 


Apr.  6.. 
Do. 
Do. 


Height  of 
photograph 


MilUmelers. 
13.50 
10.00 
9.00 


Height  of 
flame. 


Inehea. 
17.05 
12.63 
11.37 


Duration 
distance. 


Mimmetera. 
6.00 
5.25 
3.75 


Duration  of 
flame. 


Mittiaeconda. 

0.300 

.262 

.188 


Average  height  of  flame,  13.68  inches. 
Average  duration  of  flame,  0.250  millisecond. 

Impact  Test. 
Date,  February  26,  1912. 


Distance  of 
fan. 


OnUhnetera. 
25 
20 
19 
18 
18 


Number  of 
trials. 


1 
1 
1 
1 
1 


Result. 


Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 


Distance  of 
ML 


Centtmetera. 
17 
17 
16 
15 


Number  of 
trials. 


1 
1 
1 
5 


Result. 


No  explosion. 
Explosion. 

Do. 
No  explosion. 


The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


EZPLOSIOM-BT-lKFLnENCB  TbST. 

Weight  of  each  cartridge,  177  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Apr.  1 

Do 

Do 

Inehea. 
3 
2 
3 

Did  not  explode. 
Exploded. 
Do. 

Apr.  1 

Do 

Apr.  2 

Inchet. 
4 
4 

4 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912.) 


Mar.  29. 
Apr.l.. 

Do. 
Apr.  2.. 

Do. 
Apr.  3.. 
Apr.  4.. 

Do. 

Do. 


Charge.<> 


Oramt. 
214 
214 
214 
214 
214 
214 
214 
214 
214 


Specific 
gravity. 


Height  of 
curve. 


1.09 
1.09 
1.09 
1.09 
1.09 
1.09 
1.09 
1.09 
1.09 


Mittimeten. 
28.00 
28.00 
27.76 
24.75 
24.00 
23.76 
23.75 
24.00 
24.00 


per  square 
centlineter. 


Rilofframs. 
87.50 
87.60 
86.72 
77.34 
75.00 
74.22 
74.22 
75.00 
75.00 


Cooling 
surbioe. 


A 
A 
A 
B 
B 
B 
C 
C 
C 


RUofframM. 
87.34 

75.52 

74.74 


o  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=99.02  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.09.        W=214.0  grams. 

VPS 
Ms=-T^s=7,565  kilograms  per  square  centimeter  (107,610  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  op  thr  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  December  7,  1911.  Giwna. 

Solid 67.  8 

Liquid  (water) 54. 0 

Gaseous 88. 1 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height 

Before 
explosion. 

After 
explosion. 

C<HnprQssiosi. 

Mar,  39 

Mmmaert 

«a.oo 
es.M 

03.28 

Mmmdert, 
fiO.78 
51.fi0 
81.fi0 

u.as 
11  <n 

Do 

Do 

11. 7S 

Average  compreenon,  12.0  millimeters  (0.47  inch). 


BESTTLTS  OF  TESTS. 
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Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 


Chaif^e,  10  grams. 


Date  (1912). 


Feb.  26 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cubic  eenii- 

metera. 

62 

62 

62 


After 
shot. 


Cubic  eenti- 

meters. 

188 

190 

188 


BzpaiiskHi 

of  bore 

bole. 


Cubic  eenti- 

126 
128 
126 


Tempera- 
ture of 
block. 


*C. 


15 
15 
15 


Average  expansion  of  bore  hole,  127  cubic  centimeters  (7.75  cubic  inches). 

BENTAL  COAL  POWDER  NO.  2. 

Explosive,  Bental  coal  powder  No.  2. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Independent  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  gray- 
Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  September  12, 1910. 

Unit  swing  on  this  date,  3.20  inches. 

Weight  of  charge,  in  grams,  270,    270,    270. 

Swing,  in  inches,  3.13,    3.07,    3.19. 

Average  swing,  in  inches,  3.13. 

3.13  :  3.20  :  :  270  :  (276). 
Therefore  the  unit  deflective  charge  of  Bental  coal  powder  No.  2  is  276  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 


1 

Sept.  13.. 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 

Tunz 

Sept.  13... 
Do... 
Do... 


Wekht 

Methane 
and 

charge. 

ethane. 

Oranu. 

Percent, 

276 

8.06 

276 

7.90 

276 

8.15 

276 

8.09 

276 

8.20 

276 

8.17 

276 

8.09 

276 

8.17 

276 

8.06 

276 

7.87 

276 
276 
276 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  imition. 
Do. 
Do. 


Date  (1910). 


TisT  3— Con. 

Sept.  13 

Do 

Do 

Do 

Do 

Do 

Do 

TlST  4. 

Sept.  12 

Do 

Do 

Do 

Do 


Weight 
chargB. 

Methane 

and 
ethane. 

Otanu, 
276 
276 
276 
276 
276 
276 
276 

a680 
a680 
1680 
a680 
0680 

Percent. 

4.16 
4.06 
4.03 
4.08 
4.13 

Result. 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a  660  grams  or  more  was  used. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Sept.  12. 
Do. 
Do. 


Distance 

between 

spark  points. 


MiUivutera. 
30.52 
30.15 
29.55 


Peripheral 

speed  of  drum 

peraeoond. 


Meters, 
43.5 
43.5 
43.5 


Rate  of 
detonatioiii 
peraeoond. 


MeUn. 

1,425 
1,443 
1,473 


Average  rate  of  detonation,  1,447  meters  (4,750  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
fliune. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  20 

MilUmetere. 
10.50 
12.25 
8.50 

Inekea. 
13.26 
15.47 
10.74 

Mimmetere. 
3.50 
5.50 
3.50 

MiUUeeondt, 
0.17S 

Do 

.  275 

Do 

.175 

Average  height  of  flame,  13.16  inches. 
Average  duration  of  flame,  0.208  millisecond. 


Impact  Test. 


Date,  February  4,  1911. 


Distance  of 
fUI. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Oeniimeten. 
24 
20 
18 

1 
1 
1 

Explosion. 
Do. 
Do. 

CttUimeteTt. 
17 
16 

1 
5 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.3  inches). 

Explosion-by-Influence  Test. 
Weight  of  each  cartridge,  166  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  13 

Do 

Do 

Do 

Inehet. 
6 
4 
2 

1 

1 

Did  not  explode. 
Do. 
Do. 
Do. 

Feb.  13 

Do 

Do 

Do 

Inchee. 
0 

1 
2 
2 

Exploded. 

Do. 
Did  not  explode. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 


BESXJLTS  OF  TESTS. 
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Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BiCHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter «1  kilogram  per  square  centimeter. 


Date  (1913). 


Feb.  8.. 

Do. 

Do. 
Feb.  10. 

Do. 

Do. 

Do. 
Feb.  11. 

Do. 


Charge.^ 

Specific 
gravity. 

Oranu. 

214 

1.03 

214 

1.03 

314 

1.03 

214 

1.03 

214 

1.03 

214 

1.03 

214 

1.03 

214 

1.03 

214 

1.03 

Height  of 
curve. 


MWimeten. 
27.25 
27.00 
27.00 
25.25 
25.00 
25.75 
24.25 
24.50 
23.75 


Pressure 
per  square 
centimeter. 


Rilogrami. 
85.16 
84.38 
84.38 
78.91 
78.12 
80.47 
75.78 
76.56 
74.22 


Cooling 
sur&ce. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


84.64 
79.17 
75.52 


a  Including  14  grams  of  the  original  wrapper. 

P=1.911A-f0.5B— 1.411C=d4.77  kilograms  per  square* centimeter. 
V=  15,000  cubic  centimeters.        S=1.03.        W=214  grama. 

VPS 

Ms^^=p-s6,842  kilograms  per  square  centimeter  (97,320  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  16  Grams  of 

THE  Original 'Wrapper. 


Date,  January  27,  1911. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Oiams. 

42.7 

Liquid  (water) 67.0 

Giaseous 94. 4 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  25 

\ 

MiUimeUrt. 
63.50 
63.50 
63.50 

MWimetera. 
57.00 
57.25 
57.00 

JHUlimeten. 
6.60 

Do 

6.25 

Do 

6.50 

Average  compression,  6.4  millimeters  (0.25  inch.) 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Jan.  37 

CuUeeenti- 
meUrt, 
63 
63 
63 

CvMccerM- 

meUrt. 

158 

156 

160 

CvJbkcerM- 

fiutert. 

95 

93 

97 

•(7. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  95  cubic  centimeters  (5.80  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


BITT7MINITB  NO.  1. 

Explosive,  Bituminite  No.  1. 

Olaas  4,  nitroglycerm. 

Manufactured  by  the  Jefferson  Powder  Co. 

Physical  examination: . 

Diameter  of  cartridge,  11  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  223  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.37. 

Color  of  explosive,  light  com. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  May  21,  1909. 

Unit  swing  on  this  date,  2.95  inches. 

Weight  of  charge,  in  grams,  310,    310,    310. 

Swing,  in  inches,  2.82/   2.94,    2.87. 

Average  swing,  in  inches,  2.88. 

2.88  :  2.95  : :  310  :  (318). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  1  is  318  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Besult. 

TB8T  1. 
May  26 

Chranu. 
318 
318 
318 
318 
318 
318 
318 
318 
318 
818 

318 
318 
318 

Percent. 
7.91 
8.01 
8.16 
8.16 
8.16 
8.29 
8.15 
8.13 
8. 28 
8.10 

No  ipiition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do. 
Do. 

Test  3— Con. 

May  26 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

May  24 

Do 

Do 

Do 

Do 

ammt. 
318 
318 
318 
318 
318 
318 
318 

a680 
0680 
0680 
a680 
•680 

Percent. 

NoicnitloiL 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

TIST  3. 

May  25 

Do 

4.13 
4.21 
4.21 
4.05 
4.31 

No  ifnition. 

Do! 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Aug.  34 

Do. 

Aog.  31 


Distance 

between 

spark  points. 


MUUmetere. 
10.81 
11.03 
11.34 


Peripheral 

speed  of  dnun 

pet  second. 


Metert. 
48.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Mtten. 
S,«78 
3,888 
8,896 


Average  rate  of  detonation,  3,901  meters  (12,800  feet)  per  second. 


BE8ULTS  OF  TBBTS. 


35 


Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photo^ph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Unr,  u 

MUlimeters. 
21.26 
22.25 
21.00 

Inches. 
26.84 
28.11 
26.53 

MUlimeters. 
9.00 
9.00 
8.76 

MUliseconds. 
0.450 

Do 

.460 

Do 

.438 

Average  height  of  flame,  27.16  inches. 
Average  duration  of  flame,  0.446  millisecond. 


Date,  January  3,  1910. 


Impact  Test. 


Distance  of 
fiUL 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
24 
22 
20 
16 
18 

Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Centimeters. 
16 
16 
15 
13 
12 

1 

1 
1 
1 
5 

No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Inpluence  Teot. 

Weight  of  each  cartridge,  216  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

1 

Date  (1910). 

Jan.  13 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  12 

Inches. 
6 
9 
13 

Exploded. 
Do. 
Do. 

Inches. 
15 
14 
14 
14 

Did  not  explode. 
Do. 

Do 

Do 

Jan.  13 

Do 

Do. 

Do 

17     Did  not  exnlode. 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  14  inches. 

Theoretigal  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaob. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1913). 


May  15. 
May  16. 

Do. 
Ifayl4. 

Do. 

Do. 

Do. 

Do. 
May  16. 


Cbarge.a 

Speciflo 
gravity. 

Orams. 

214 

1.23 

214 

L23 

214 

1.23 

214 

1.23 

214 

1.23 

214 

1.23 

214 

1.23 

214 

L23 

214 

1.23 

Height  of 
curve. 


MiWmeters. 
24.75 
25.75 
24.75 
23.26 
23.25 
22.75 
22.25 
22.75 
22.00 


Pressure 
per  square 
centimeter. 


Rilograms. 
77.34 
80.47 
77.34 
72.66 
72.66 
71.09 
69.53 
71.09 
68.75 


Cooling 
surface. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


1 


Rilograms. 
78.38 

72.14 

69.79 


o  Including  14  grams  of  the  origtoal  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


P=1.911A-|-0.5B-1.411C=87.38  kilograms  per  square  centimeter. 

y =15,000  cubic  centimeters.         8=1.23  W=214  grams. 

VPS 
M=-^^ =7,533  kilograms  per  square  centimeter  (107,140  pounds  per  square  inch). 

Pboducts  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  May  21, 1913. 
SoUd 


Omma. 

54.0 

Liquid  (water) 15. 0 

Gaseous 125.2 

Large  ('alories  Developed  bt  1  Kilogram  of  the  Explosive. 
Charge,  107. 0  grams.<» 


Date  (1913). 


May  14. 

Do. 

May  15. 


Weight 
of  water. 


Kilograms. 
81.05 
81.05 
81.06 


Rise  in 

tempera- 

txae. 


0.867 


.903 


Hoat  devd- 
opedper 
kilograin 


CUcrie*. 
749.5 
781.0 
781.0 


a  Including  7  grains  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  770.5. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height 

Date  (1910). 

Before 
explosion. 

After 
exi>lo6ion. 

Compresskm. 

Feb.  19 

Mmimeters. 
63.50 
63.50 
63.50 

Mmimeters. 
47.50 
47.00 
47.00 

MUOmaerM. 
16.00 

Do 

16.60 

Feb.  23 

1&80 

Average  compression,  16.3  millimeters  (0.64  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volnme  of  bore  hole. 

of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
bloRk. 

Feb.  10 

CuhieeenO- 

meters. 

62 

62 

62 

Cubic  centi- 
meters. 
262 
261 
260 

Cubiceenti- 

meters. 

200 

199 

196 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  199  cubic  centimeters  (12.14  cubic  inches). 


BE8ULTS  OF   TESTS. 
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BITtTKINITE  NO.  3. 

Explosive,  Bitiuninite  No.  3. 

CUu»  4,  nitroglycerin. 

Manufactured  by  the  Jefferson  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8|  inches. 

Average  weight,  250  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.17. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  November  7,  1910. 

Unit  swing  on  this  date,  3.16  inches. 

Weight  of  charge,  in  grams,  291,    291,    291. 

Swing,  in  inches,  3.14,    3.15,    3.11. 

Average  swing,  in  inches,  3.13. 

3.13  : 3.16  : :  291  :  (294). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  3  is  294  grams. 

Gas  and  Dubt  Gallery  No.  1. 


Date  (1910). 


Tl9T  1. 

Nov.  7.... 

Do.... 

Do.... 

Do.... 
Nov.  8.... 

Do.... 

Do.... 

Do.-.. 

Do...- 
Nov.26... 

Test  3. 

Nov9 

Do.... 
Do.... 


Weleht 
charge. 


Chnnu. 
2M 
294 
294 
294 
294 
294 
294 
294 
294 
294 


294 
294 
294 


Methane 

and 
ethane. 


Percent, 
7.79 
7.88 
7.96 
7.91 
8.19 
7.78 
7.89 
8.12 
8.00 
7.84 


Result. 


No  iznition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Imition. 
Do. 
Do. 


Date  (1910). 


Test  3— Con 

Nov.  10 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  11 

Do 

Do 

Do 

Do 


WeiEht 

Methane 
and 

charge. 

ethane. 

Oramt. 

Percent 

294 
294 
294 
294 
294 
294 
294 

•  680 

4.02 

0680 

3.98 

0680 

3.92 

O680 

4.05 

a680 

4.03 

Result 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  vas  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Nov.  14. 

Nor.  16. 

Do. 


Distance 

between 

spark  points. 


MUUmetert. 
15.32 
15.28 
15.30 


Peripheral 

speed  of  drum 

I)er  second. 


Metere. 
43.5 
43.5 
43.5 


Rate  of 
detonation 
per  second. 


Metert. 
2,839 
2,847 
2,843 


Average  rate  of  detonation,  2,843  meters  (9,330  feet)  per  second. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photfl^ph 

Height  of 
flame. 

Doratian 

Duration  of 
flame. 

July  7 

MnUfneters. 
14.00 
11.00 
9.75 

Inches. 
17.68 
13.89 
12.32 

MmmcUrs, 
6.25 
4.75 
4.25 

0.313 

^::. :.::::::;:::: :.:::::::::::::::::::::::: 

.238 

Do 

.212 

Average  height  of  flame,  14.63  inches. 
Average  duration  of  flame,  0.254  millisecond. 


Impact  Test. 


Date,  June  14,  1911. 


Distance  of 
iUl. 

Number  of 
trials. 

Result. 

Distance  of 
iaU. 

Number  of 
trials. 

Result 

Centhnettrs. 
20 
18 
16 
14 
13 

Explosion. 
Do. 
Do. 
Do. 
Do. 

Centimeters. 

11 

10 

10 

9 

1 
1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

- 

The  maximum  height  at  which  no  explosion  occurs  established  at  9  centimetera 
(3.54  inches). 

Explosion-by-Inpluence  Test. 

Weight  of  each  cartridge,  188  grams. 


Date  (1911). 

Distance 
separating 
cartridges 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

July  18 

Inches. 
8 

4 
6 

Did  not  explode. 

Exploded. 

Did  not  explode. 

July  18 

InAes. 
5 
5 
5 

Did  not  explode. 
Do. 

Do.::.::::... 

^Do.:::::::::: 

Do 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determinxi> 

BY  BicHEL  Pressure  Gage. 

Indicator  spring  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


June  8. 

Do. 

Do. 
June  6.. 
June?.. 

Do. 

Do. 

Do. 

Do. 


Cbarge.a 

Specific 
gravity. 

Grams. 

215 

215 

215 

215 

215 

215 

215 

215 

215 

Height  of 
curya. 


MHUmeters. 
23.50 
22.75 
23.50 
21.00 
21.00 
20.75 
19.50 
19.75 
20.26 


Preflsore 
per  square 
centimeter. 


KUoomms. 
73.44 
71.09 
73.44 
65.62 
65.62 
64.84 
60.94 
61.73 
63.28 


Cooling 

SUlfEM^. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Ayerage 

pressure 

per  square 

centimeter. 


Kilogm% 

72.69 


I 


6s.ae 

61.08 


d  Including  15  grams  of  the  original  wrapper. 


BESULTS  OF  TESTS. 
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.  P=1.911A +0.53—1.4110=84.08  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.17.        W=215  grams. 

VPS 
M=:-^=6,883  kilograms  per  square  centimeter  (97,620  pounds  per  square  inch). 

Products  of  Gombustipk  from  200  Grams  of  the  Ezplosivb  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  June  7, 1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

63.8 

Liquid  (water) 18. 7 

Gaseous 121.8 

Large  Calories  Developed  by  1  Kilogram  of  the  Ezplosivb. 
Charge,  107.5  grams.a 


Date  (1911). 


July  14. 
Do. 
Do. 


Weight 
of  water. 


Kiloffranu. 
80.95 
80.96 
80.95 


RiseJii 
tempera- 
ture. 


*C. 

0.'811 
.834 
.842 


Heat  devel- 
oped per 
kilogram. 


OalorUt. 
680.9 
709.6 
716.4 


a  Including  7.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  705.3. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

ComjiresslQn. 

July  17 

MUlimetert. 
63.50 
63.75 
63.50 

inuimeters. 
49.25 
49.50 
49.50 

MUUmitert 
14.25 

Do 

14.25 

Do 

14.00 

Average  compression,  14.2  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1911). 


Apr.  3. 
Do. 
Do. 


Volume  of  bore  hole. 


Before  shot. 


CuhteeerUU 

VMUT9. 

63 
63 
63 


After  shot. 


OuMccentf- 

mden. 

222 

221 

222 


Expansion  of 
bore  hole. 


Cubic  cenU- 

mettri. 

159 

158 

159 


Tempera- 
ture of 
block. 


C. 


15 
15 
15 


Average  expansion  of  bore  hole,  159  cubic  centimeters  (9.70  cubic  inches). 
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TESTS  OP  PBBMISSIBLB  EXPLOSIVES. 


BITUMINITB  NO.  4. 

Explosive,  Bituminite  No.  4. 

Glass  4,  nitroglycerin. 

Manufaictured  by  the  Jefferson  Powder  Go. 

Physical  examination: 

Diameter  of  cartridgei  1}  inches. 

Length  of  cartridge,  8|  inches. 

Average  weight,  236  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

Color  of  explosive,  drab. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulimi: 

Date,  November  7,  1910. 

Unit  swing  on  this  date,  3.16  inches. 

Weight  of  charge,  in  grams,  305,    305,    305. 

Swing,  in  inches,  3.27,    3.16,    3.16. 

Average  swing,  in  inches,  3.20. 

3.20: 3.16::  305:  (301). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  4  is  301  grams. 

Gas  and  Dust  Gallery  No.  1. 


Data  (1910). 

Weight 
chajngn. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

WeiAt 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Nov.  8 

Oratiu. 
301 
301 
301 
301 
301 
301 
301 
301 
301 
301 

301 
301 
301 

Percent. 

7.86 
7.90 
7.77 
8.00 
7.84 
7.84 
7.79 
7.93 
8.11 
7.97 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noifl3iition. 
Do! 

TB8T3— Con. 

Nov.lO 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  U 

Do 

Do 

Do 

Do 

Oramt. 
301 
301 
301 
301 
301 
301 
301 
301 

a680 
O680 
0680 
a680 
0680 

Percent. 

NoUcoftfoiu 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Da 

Do 

Do 

TeotS. 

Nov.  10 

4.09 
4.00 
3.89 
4.01 
4.06 

Noimition. 
Do! 

Do 

Do. 

Do 

Do. 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Nov.  15 
Do, 
Do. 


Distance 

between 

sparlc  points. 


MiiUmetert. 
18.82 
18.80 
19.17 


Peripheral 

speed  of  drum 

per  second. 


Meten. 

43.5 
43.6 
43.5 


Hate  of 
detonation 
per  second. 


Metere. 
2,311 
3,314 
2,r 


Average  rate  of  detonation,  2,298  meters  (7,540  feet)  per  second. 


RESULTS  OF  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1011). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distanoe. 

Duration  of 
flame. 

July? 

mmmeten. 
8.00 
10.00 
10.25 

Jneket. 
10.11 
12.63 
12.05 

MmmeUrt. 
3.50 
5.25 
4.75 

Mimaeeondt. 
0.175 

^-Z •••■■••■••-■•■••■'•■"•■'•'-■•'••"■■■■•■ "•■ 

Do 

.202 

Do 

.238 

Average  height  of  flame,  11.90  inches. 
Average  duration  of  flame,  0.225  millisecond. 


Impact  Test. 


Date,  June  15, 1911. 


DJitanoeof 

Number  of 
trials. 

Result 

1 

Distance  of 
foU. 

Number  of 
trials. 

Result. 

ao 

13 
16 
14 
13 

1 
1 
1 
1 
2 

Explosion. 
No  explosion. 
Explosion. 

Do. 
NoexpkxdoD. 

CtnUfnettn. 
13 
12 
11 
11 
10 

1 
1 
3 
1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

£xflosxon-by-Influenge  Test. 
Weight  of  each  cartridge,  184  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

July  18 

'6 

7 
6 

Exploded. 
Did  not  explode. 
Do. 

• 

July  18 

Jneket. 
6 
6 

Did  not  explode. 

Do 

Do 

Do. 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter^l  kilogram  per  square  centimeter. 


Jones. 

Do. 

Do. 

Do. 
7iiae9. 

Do. 
Jane  7. 

Do. 
Janes. 


Date  (1911). 


Charge.a 


Qramt. 
215 
215 
215 
215 
215 
215 
215 
216 
215 


Specific 
gravity. 


Height  of 
curve. 


MUUvMUrt. 
19.00 
18.75 
18.75 
17.50 
18.00 
18.00 
18.00 
17.75 
.    18.00 


Pressure 
per  square 
centimeter. 


Kilofframt. 
59.37 
58.58 
58.58 
54.69 
56.25 
56.25 
66.25 
55.47 
56.25 


Cooling 
surface. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


EUogramt. 
58.84 

55.73 

55.99 


•  Including  15  grams  of  the  original  wrapper. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


P=1.911A-|-0.5B— 1.4110=61.31  kilograms  per  square  centimeter. 

V=15,000  cubic  centimetezs.        S=1.14.        W=215  grams. 

VPS 
M=-in^ =4,876  kilograms  per  square  centimeter  (69,360  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosivb  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  June  8, 1911. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Omns. 

78.2 

Liquid  (water) 13.  5 

Gaseous 119.  5 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  107.5  grams.<> 


Date  (1911). 


July  15. 

Do. 

July  17. 


Weight 
of  water. 


Kilograma, 
8a  95 
80.05 
80.  dS 


RiseJii 

tempeiia- 

ture. 


o!736 
.733 
.706 


Heat  devel- 
oped 
Idlocr 


Ctalortev. 
Q2&3 


590.5 


a  Including  7.5  giams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  615.8. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grains. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compresskm 

Julv  17 

.^ 

imimeura, 
63.50 
63.50 
63.50 

mUimeUn. 
53.25 
53.75 
53.50 

UmimtUra. 
L0l25 

Do 

9l75 

Do 

10.00 

Average  compression,  10.0  millimeters  (0.39  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
Mock. 

Aor.  3 

CybkeenO- 

intt€F9* 

63 
63 
63 

CvMccenti- 

metera, 

172 

170 

168 

CubleoenU- 

nuUra. 

109 

107 

106 

15 

^  Do..  .:::::;::::::::.:::.:::.::::.::::...:.:::::::: 

15 

Do 

15 

Average  expansion  of  bore  hole,  107  cubic  centimeters  (6.53  cubic  inches). 
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BXTUMIMITE  NO.  6. 

Exploave,  Bituminite  No.  5. 

ClaaB  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Jefferson  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  7}  inches. 

Average  weight,  173  grams. 

Oartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  com. 

Consistency,  granular,  fine,  dry,  soft,  sUghtly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  November  7, 1910. 

Unit  swing  on  this  date,  3.16  inches. 

Weight  of  charge,  in  grams,  240,    240,    240. 

Swing,  in  inches,  3.30,    3.35,    3.21. 

Average  swing,  in  inches,  3.29. 

3.29  : 3.16  : :  240  :  (231). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  5  is  231  grams. 

Gas  and  Dust  Gallery  No.  1. 


DatBdOlO). 

Weidit 
charge. 

MetliaikB 
ethane.' 

Result 

Data  (1910). 

Wetefat 
charge. 

Methane 

and 
ethane. 

Remit. 

Tnr  1. 
Nov.8 

0IWM. 

231 
231 
231 
231 
281 
231 
231 
281 
281 
281 

281 
231 
231 

P«rcml. 
7.90 
7.08 
8.13 
7.06 
8.02 
8.03 
7.80 
7.06 
8.13 
8.00 

No  inition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  lenitlon. 
Do. 
Do. 

Test  8— CJon. 

Nov.  10 

Do 

Nov.  11 

Do 

Do 

Do 

Do 

Tut  4. 

Nov.  11 

Do 

Do 

Do 

Nov.  14 

Oranu, 
231 
231 
231 
231 
231 
231 
231 

afi80 
•880 
a680 
aflRO 
afi80 

Percent. 

No  imition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tsna. 

Nov.  10 

4.01 
4.04 
8.97 
8.96 
3.99 

NoimitkHL 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

0680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator  No.  7. 


Date  (1910). 


Nov.  7. 
Not.  g. 

Do. 


Distance 

between 

spark  points. 


MUttmeUrt. 
16.90 
10.13 
16.60 


Peripheral 

speed  of  drum 

per  second. 


MUen. 
46.0 
46.0 
46.0 


Rate  of 
detonation 
per  second. 


MeUrt. 
2,830 
2,790 
2,727 


Average  rate  of  detonation,  2,782  meters  (9,120  feet)  per  second. 
91853®— Bull.60— 13 4 
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TESTS  OF  PBBMISSIBLE  EXPLOSIVES. 


Flame  Te8t. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1011). 


Height  of 
pbotogiiH>h. 


July  8. 
Do 
Do 


MOHmeten. 
13.25 
13.00 
11.76 


Height  of 
flune. 


Inehet. 
16.74 
16.42 
14.84 


Duration 
distanoe. 


mmmeters 
5.50 
4.75 
4.00 


Duration  of 
flame. 


Wmaecomdt 
0 


Average  height  of  flame,  16.00  inches. 
Average  duration  of  flame,  0.238  millisecond. 


Date,  June  15, 1911. 


Impact  Test. 


Distance  of 
1^. 

Number  of 
trials. 

Result. 

Distance  of 
lUi. 

Number  of 
trials. 

Result. 

Centhnetert. 
16. 
20 
18 
14 

1 
1 
1 
1 

No  explosion. 
Exploskm. 

Do. 
No  explosion. 

CcnthntttTB, 
16 

15 
14 

« 

1 
1 
4 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  ^t  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

£ZPL08I0N-Br-lNFLUENCE  TbST. 

Weight  of  each  cartridge,  174  grams. 


Date  (1911). 

Distanoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

July  19 

Do 

Do 

Jnchei. 

2 

4 
3 

Exploded. 

Did  not  explode. 

Exploded. 

July  19 

Do 

'  4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Dbtermimbo 

BY  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter»l  kilogram  per  square  centimeter. 


Date  (1911). 


Cliarge.a 


June  14 , , 

Oramt. 
214 
214 
214 
214 
214 
214 
214 
214 
214 

Do 

Do 

JunAO .    ,    . 

Do 

June  21 

June  10 

Do 

June  20 

Specific 
gravity. 


1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.06 
1.08 


Height  of 
curve. 


MUHmetera. 
81.60 
81.25 
81.00 
29.75 
80.25 
29.00 
28.25 
28.00 
28.75 


Pressure 
per  square 
centimeter. 


Jiilogranu. 
98.44 
97.66 
96.88 
92.97 
94.53 
90.62 
88.28 
87.50 
89.84 


Cooling 
surflMse. 


A 
A 

A 
B 

B 
B 
C 
C 
C 


presBure 

per  square 

centimeter. 


97. 6« 

10.71 
88.54 


a  InolQdinf  14  grains  of  the  ori^nal  wrapper, 
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P=1.911A+0.5B-1.411Gsl08.05  kilQgnms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.08.        W=214  grams. 

VPS 

M= -^=8,179  kilograms  per  square  centimeter  (116,340  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  9, 1911. 


OruuB. 
14.3 


SoUd 

Liquid  (water) 81. 0 

Gaseous 112.9 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  107.0  gnjna.^ 


Date  (1911). 


July  18. 
Do. 
Do. 


Weight 
of  water. 


Kiloaramt. 
80.96 

80.05 
80.06 


Rise  in 
tempera- 
ture. 


C 

1,336 
1.307 
1.342 


Heat  devel- 
oped per 
kflogram. 


Oaioriet, 
1,146.9 
1,131.0 
1,163.1 


a  Induding  7  grama  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  1,140.3. 


Compression  op  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Gomi»re8sion. 

Anr  1'  

MUUmeUrt. 
(B.26 
63.50 
63.60 

laUimetert. 
61.00 
61.00 
61.00 

MUUtneters. 
12.25 

Do 

13.60 

Do 

12.60 

Average  compression,  12.4  millimeters  (0.49  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Anr.  3 

CfMceenti- 

meUrt. 

63 

63 

63 

Cubic  eenO- 

vuttn. 

220 

220 

220 

CuhkeefM- 

meUrt. 

163 

167 

167 

•a 

16 

Do 

16 

Do 

15 

Avera^  expansion  of  bore  hole,  159  cubic  centimeters  (9.70  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


BLACK  BIAMOiro  NO.  d-A. 

Exploeive,  Black  Diamond  No.  2-A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Illinois.  Powder  Manu&Lcturing  Co. 

Physical  examination : 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  196  grams. 

Cartridge  had  not  been  redipped. 
*  Apparent  specific  gravity  of  cartridge  by  sand,  1.17. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  29,  1912. 

Unit  swing  on  this  date,  3.62  inches. 

Weight  of  chaijge,  in  grams,  280,    280,    280. 

Swing,  in  inchies,  3.63,    3.66,    3.53. 

Average  swing,  in  inches,  3.61. 

3.61:3.62:  :  280:  (281). 
Therefore  the  unit  deflective  charge  of  Black  Diamond  No.  2-A  is  281  grama. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 


Test  i. 

Jan.  31 

Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 

Tut  8. 

Feb.  6 

Do.... 
Do.... 


WeiiiJit 
charge. 


Omrru. 
281 
281 
281 
281 
281 
281 
281 
281 
281 
281 


281 
281 
281 


Ifetbane 

and 
ethane. 


Percent. 
7.87 
8.28 
8.09 
8.00 
8.22 
8.49 
7.88 
7.99 
8.19 
7.95 


Result. 


No  Imltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Ignition. 
Do. 
Do. 


Date  (1912). 

Weisht 
charge. 

Methane 

and 
ethane. 

Test  3— C3on. 
Feb.  5 

Gramt. 
281 
281 
281 
281 
281 
281 
281 

a680 
a680 

aeso 

afi80 
0680 

Percent. 

Do 

Do 

Do 

Do 

Do 

Feb.  6 

Test  4. 

Feb.  2 

Do 

Do 

Do 

Do 

4.24 
4.10 
8.96 
8.88 
4.02 

Result. 


No  Ignf  UoQ. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Nolmi 

Do*. 
Do. 
Do. 


a  680  grams  or  more  was  used. 

Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No,  7. 


Date  (1912). 


Jan.  30 
Feb.  6. 
Feb.  6. 


Distance 

between 

spark  pohits. 


Mimmetert. 
11.50 
11.70 
11.40 


Peripheral 

speed  of  dram 

per  second. 


MeUre. 
44.6 
46.0 
44.0 


Rate  Of 
detonatJoD 
peraeoond. 


Metert. 

8,819 
3,846 
3,800 


Average  rate  of  detonation,  3,842  meters  (12,600  feet)  per  second. 


BESULTS  OF  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 

Date  (1912). 

Height  of 
photoJsnplL 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  90. 

mmmetert. 
12.75 
13.00 
8.00 

Inches. 
16.11 
16.42 
10.11 

Mmmeters. 
5.00 
4.75 
1.75 

MUUaeeonds. 
0.2S0 

Do 

.2S8 

JaiM4. 

.088 

Average  height  of  fiame,  14.21  inches. 
Average  duration  of  flame,  0.192  millisecond. 


Impact  Test. 


Date,  April  19, 1912. 


Distance  of 
iaU. 

Number  of 
trials. 

Result 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

OemtimeUrs. 
20 
18 

1 
1 

Explosion. 
Do. 

Centimeters. 
15 
17 

1 
5 

No  explosion. 
Do. 

The  mftTimiim  height  at  which  no  explosion  occurs  established  at  17  centimeters 
(6.69  inches). 

£zplo8ion-by-Influekce  Test. 

Weight  of  each  cartridge,  188  grams. 


Date(l»12). 

Distance 
sepaiating 
cvtridges. 

Result,  upper 
cartridge. 

Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mayl 

Do 

Do 

Do 

Indus. 
8 
5 
0 
7 

Exploded. 

Do. 
Dldnotexpkxie. 

Do. 

Mayl 

Do 

Do 

Inches. 
6 

7 
7 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kil(^;ram  per  square  centimeter. 


Apr.  18. 
Apr.  19. 

Do. 
Apr.  22. 

Do. 

Do. 
Apr.  19. 

Do. 

Do. 


Date  (1912). 


Charge.a 

Specific 
gravity. 

Qrams. 

213 

213 

213 

213 

213 

213 

213 

213 

213 

Height  of 
curve. 


MUUmeters. 
20.25 
20.60 
20.60 
10.50 
20.25 
20.50 
18.25 
18.25 
19.00 


Pressure 
per  square 
centimeter. 


Riloarams. 
63.28 
64.06 
64.06 
60.94 
63.28 
64.06 
67.08 
67.03 
69.38 


Cooling 
surface. 


A 
A 

A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


EiUtiframs. 
63.80 

62.76 

57.81 


•  Including  13  grams  of  the  original  wrapper. 
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TESTS  OF  PEBMIS8IBLE  EXPLOSIVES. 


P==1.911A4-0.5B— 1.4110=71.73  kilogramB  per  square  centimeter. 

V=15,000  cubic  centimeters.        8=1.17.        W=213  grams. 

VPS 
M=-^Rn^«5,910  kilograms  per  square  centimeter  (84,060  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 


Date,  January  29, 1912. 
SoHd 


[Analyst,  A.  L.  Hyde.] 


Onms. 

6«.9 

Liquid  (water) 13.0 

Gaseous 124.3 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 
Chaige,  106.5  grams.a 


Date  (1012). 


Apr.  8.. 
Apr.  9.. 
Apr.  13. 


Weight 
of  water. 


KUogravu. 
81.05 
81.05 
81.05 


Rise  in 

tempera^ 

ture. 


'C. 

o!871 
.842 


Heat  devel- 
oped 
Idlocr 


Oaioria. 
756. « 
731.2 
737.3 


o  Including  6.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  741.7. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

CompresBloo. 

Apr.  17 

• 

MiUimaen. 
63.25 
63.00 
63.25 

MUUmeUrs. 
46.25 
46w00 
46.25 

MUUmtUr: 
17.00 

Do 

17.00 

Do 

17.00 

Average  compression,  17.0  millimeters  (0.67  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  15 

CuJbkeentU 

meUrt, 

63 

63 

63 

CfMceenH- 

720 
226 
228 

CubkeenH- 

meters. 

157 

163 

165 

•c, 

19 

Do 

19 

Do 

19 

Average  expansion  of  bore  hole,  162  cubic  centimeters  (9.88  cubic  inches). 


BESXTLTS  OF  TESTS. 
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BLACK  BIAMOiro  NO.  3-A. 

Explosive,  Black  Diamond  No.  3-A. 

Claaa  4,  nitroglycerin. 

Bianulactuied  by  the  lUinoiB  Powder  Manufacturing  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  183  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  chaige  as  determined  by  ballistic  pendulum: 

Date,  January  29, 1912. 

Unit  swing  on  this  date,  3.62  inches. 

Weight  of  chaige,  in  grams,  290,    290,    290. 

Swing,  in  inches,  3.63,    3.54,    3.55. 

Average  swing,  in  inches,  3.57. 

3.57  :  3.62  : :  290  :  (294). 
Therefore  the  unit  deflective  chaige  of  Black  Diamond  No.  3-A  is  294  grams. 

Gas  and  Dust  Gallbbt  No.  1. 


Data  (1912). 

W^t 
charge. 

iCethaoB 

and 
ethane. 

Result. 

Date  (1912). 

Weifht 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Jan.  31 

Oramg. 
294 
294 
394 
294 
294 
294 
294 
294 
294 
294 

294 

294 
294 

J^ereent, 
7.81 
7.91 
8.29 
8.41 
8.39 
8.12 
8.31 
8.72 
7.82 
8.28 

No  ifliition. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do.' 

TEsrS—Con. 

Feb.6 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.6 

Do 

Do 

Do 

Do 

Granu. 
294 
294 
294 
294 
294 
294 
294 

a680 
a680 
a680 
0680 
a680 

Percent, 

No  imition. 

Do  .  ... 

♦Do        ... 

Do. 

Do 

Do. 

Feb  1       ..  . 

Do. 

Do 

Do. 

Do  . 

Do. 

Do 

Do 

Do 

TasrS. 

Feb.6 

3.79 
8.88 
3.96 
4.02 
3.91 

No  Ifnition. 

Do! 
Do. 

T>o 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Jan.  31 
Feb.6. 
Feb.  6. 


Distance 

between 

spark  points. 


MfOHnetert, 
12.85 
13.10 
12.85 


Peripheral 

speed  of  drum 

per  second. 


Meiers. 
44.0 
44.0 
44.0 


Rate  of 
detonatioo 
per  second. 


Metert. 
3,434 
3,359 
8,423 


Avenge  rate  of  detonation,  3,402  meters  (11,160  feet)  per  second. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Flams  Tbst. 
Peripheral  speed  of  film,  20  meteiB  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 

Duntkai 
distBDoe. 

Duration  of 
flame. 

Apr.  30 

mmmeten. 
10.00 
13.00 
13.00 

Indi£9. 
20i21 
10.42 
10.42 

MUUmsien. 
0.00 
0.50 
4.25 

Mim$eeonit. 
0.300 

Do.::.\\\:....\ ::.:.::::::;:::::::::::::: 

.325 

Do 

.212 

Average  height  of  flame,  17.68  inches. 
Average  duration  of  flame,  0.279  milliflecond. 


Impact  Tbst. 


Date,  April  19, 1912. 


Distanoeof 
folL 

Number  of 
triak. 

Result. 

Distance  of 
lUL 

Number  of 
trlBlB. 

Result 

CeiUhneUn. 
20 
25 
24 

1 
1 
1 

No  explosion. 
Explosion. 
No  explosion. 

24 
22 
21 

1 
1 
5 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  21  centimeters 
(8.27  inches). 

£xplo8ion-by-Influence  Tbst. 
Weight  of  each  cartridge,  175  grams. 


Date  (1012). 

DManoe 
aepaiatfaig 
oartrifdges. 

Result,  upper 
cartridge. 

Date  (1012). 

Distance 
separaUng 
cartridges. 

Result,  upper 
cartridge. 

May  2 

Do 

Do 

Ineksf, 

7 
3 
5 

Did  not  explode. 

Exploded. 

Did  not  explode. 

May  2 

Do 

Do 

Inekei. 

4 
4 
4 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theorbtical  Maximum  Pressure  Developed  in  Own  Volume,  as  Detbrminkd 

BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
oentinieter. 

CooUng 
surface. 

Average 

ptwufe 

per  square 

oentlmeier. 

Apr.  22 

Onmt. 
213 
213 
213 
213 
213 
213 
213 
213 
213 

1.00 
1.00 
1.00 
1.00 
1.00 
LOO 
LOO 
LOO 
LOO 

MUUmeUn, 
2L00 
22.00 
22.00 
20l60 
10.50 
20l50 
10.25 
10.26 
10.50 

RUoanma. 
05.02 
68.75 
68.75 
04.06 
6a04 
04.06 
6a  16 
6a  16 
6a  04 

A 
A 

A 

B 
B 
B 
C 
C 
C 

EUognmM. 

May  2 

67. 71 

^■*_r' ............... 

Do 

Apr.  23 

Do.V.V.'"*. 

63.03 

Apr.  24 

^i>o...v............ :: 

Do 

6a  42 

Do 

a  Including  13  grams  of  the  original  wrapper. 


BESULTS  OF  TESTS. 
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Ps=1.911A4-0.5B— 1.4110=  75.65  kilog;rains  per  square  centimeter. 

V=15,000  cubic  centimeters.        8=1.09.        W=213  grams. 

VPS 
M=-^=5,807  kilograms  per  square  centimeter  (82,590  pounds  per  square  inch). 

Pboducts  of  Combustion  from  200  Grams  of  the  Explosivb  and  13  Grams  of 

THE  Original  Wrapper. 


Date,  January  30, 1912. 
SoHd 


[Axiaiyst,  A.  L.  Hyde.] 


Gnms. 

75.0 

Liquid  (water) . .  •. 11.5 

Gaseous 119.2 


Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  106.5  grains,  a 


Date  (1912). 


Apr.  12. 

Do. 

Apr.  16. 


Weight 
of  water. 


81.06 
81.96 
81.95 


Rise  in 

tempflrar 

ture. 


*C. 

a  884 
.860 

.887 


Heat  devol- 
opedper 
kilogram. 


OalorUt. 
768.0 
738.3 
770.6 


a  Inchiding  6.5  grams  of  the  origlmd  wrapper. 
Average  large  calories  per  kHogram  of  explosive,  758.9. 

Compression  of  Small  Lead  Blocks. 
Ghaige,  100  grams. 


Height 

Date  (1912). 

Before 
oxplosioii. 

After 
explosion. 

Compression. 

Aur.  17 

MiUimeUrt. 
63.25 
63.25 
63.25 

muimeters. 
48.50 
48.75 
49.00 

MUttnutert. 
14.75 

^iiJ;::::::::::::::::. ::.:::::. ;..::::: 

14.50 

Do 

14.25 

Average  compression,  14.5  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grains. 


Date  (1012). 


Apr.  15. 
Do. 
Do. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Before 
shot. 

After 
shot. 

Cubic  centir 
meUrt. 
63 
63 
63 

CtMccenU- 
meter*, 
228 
231 
228 

CuJbie  eenti- 

metert. 

165 

168 

165 

Tempenv- 
ture  of 
block. 


•C. 


19 
19 
19 


Average  expansion  of  bore  hole,  166  cubic  centimeters  (10.13  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


BLACK  BIAMOiro  NO.  6. 

Exploflive,  Black  Diamond  No.  5. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Illinois  Powder  Manufacturing  Go. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  179  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.10. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  29,  1912. 

Unit  swing  on  this  date,  3.62  inches. 

Weight  of  charge,  in  grams,  300,    300,    300. 

Swiog,  in  inches,  3.71,    3.82,    3.77. 

Average  swing,  in  inches,  3.77. 

3.77  :  3.62  :  :  300  :  (288). 
Therefore  the  unit  deflective  chaige  of  Black  Diamond  No.  5  is  288  grams. 

Gas  and  Dust  Gallbrt  No.  1. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Data  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Feb.  1 

Oranu. 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 

288 
288 
288 

Percent. 
8.13 
8.22 
7.99 
8.17 
8.27 
8.23 
8.16 
7.97 
8.36 
8.25 

No  ifliition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Feb.  6 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb. 2 

Feb.  3 

Do....... 

Do 

Do 

Grams. 
288 
288 
288 
288 
288 
288 
288 

a680 
a680 
a680 
a680 
a680 

Percent. 

No  ifrnition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Da 

Feb.  2 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  6 

4.05 
4.00 
4.11 
4.07 
4.21 

No  iniltioiL 

Do. 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Jan.  30 
Feb.  6. 
Feb.  6. 


Distance 

between 

spark  points. 


MUUtnetert. 
24.10 
24.45 
24.20 


Peripheral 

speed  of  drum 

per  second. 


Mdere. 
44.5 
44.5 
44.5 


Rate  of 
detonation 
per  second. 


Meter*. 
1.1 


Average  rate  of  detonation,  1,836  meters  (6,020  feet)  per  second. 


BESULTS  OF  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 


May  16. 
Do. 
Do. 


Height  of 
photogtaph. 


MOUmetert, 
7.00 
8.25 
3.50 


Heigbtof 
flame. 


I«ehe». 
8.84 
10.43 
4.42 


Duration 
distance. 


MUUmeUrt. 
2.50 
4.00 
1.50 


Duration  of 
flame. 


MfOitwrnds, 
0.126 
.200 
.075 


Average  height  of  flame,  7.89  inches. 
Average  duration  of  flame,  0.133  millisecond. 


Impact  Test. 


Date,  March  5, 1912. 


Distance  of 
ftdl. 

Number  of 
trials. 

Result. 

Distance  of 

Number  of 
trials. 

Result. 

CmtimtUr9. 
20 
20 
18 
18 

1 
1 
3 

1 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

CerUimeters, 
17 
17 
16 

2 

1 
6 

No  explosion. 
Exploedon. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.30  inches). 

Explo8ion-by-Inpluencb  Test. 

Weigjit  of  each  cartridge,  177  grams. 


Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  2 

Do 

Do 

Inehet. 
7 
8 
1 

Did  not  explode. 

Do. 
Exploded. 

May  2 

Do 

Do 

IneHut. 
2 
2 
2 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Thborbtical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BiCHBL  Pressure  Gaoe. 

Indicator  spring  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Cbarge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Am*.  25 

Gramt. 
213 
213 
213 
213 
213 
213 
213 
213 
213 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

MUHmeUrt. 
30.25 
29.50 
29.75 
25.75 
26.75 
26.00 
23.75 
23.75 
23.00 

Knooranu. 
9i.53 
92.19 
92.97 
80.47 
83.59 
81.25 
74.22 
74.22 
71.88 

A 
A 

A 
B 
B 
B 
C 
C 
C 

I^iUtfframt, 

Do 

93.23 

Do 

Do 

Do 

81.77 

Do 

Apr.  24. 

^iS::::::::: 

73.44 

Do 

a  Including  13  grams  of  the  original  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


PaBl.911A-{-0.5B— 1.411G»115.42  kilograms  per  square  centimeter, 
y »15,000  cubic  centimeters.        S=l.  10.        W»213  grams. 


M» 


VPS 


w 


SfMl  kilograms  per  square  centimeter  (127,170  pounds  per  square  inch). 


Products  of  (Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  January  30,  1912.  Gnms. 

Solid 33.7 

Liquid  (water) 61. 5 

Gaseous 106.2 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 


Height. 


Beiofe 
ezploskm. 


After 
expkwton. 


Apr.  17. 
Do. 
Do. 


MUUmeUn. 
68.25 
63.26 
63.25 


MUUnuten. 
63.60 
68.75 
63.75 


MUUmettn. 
9.75 
9.50 
9.60 


Average  compression,  9.6  millimeters  (0.38  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

or  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  25 

CubiecefaU 

meUr». 

02 

02 

02 

CfMeeefUi- 

meUr». 

206 

200 

204 

CfibkeetM- 

144 
188 
142 

Ifi 

*^i)a;::::::;::;:::::::::::::::::::::::::::::::::::::: 

10 

Do 

10 

Average  expansion  of  bore  hole,  141  cubic  centimeters  (8.60  cubic  inches). 

OAHBBON  MINB  FOWDEB  NO.  1-A. 

Explosive,  Cameron  mine  powder  No.  1-A. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Cameron  Powder  Manu&cturing  C!o 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  148  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.90. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive. 


BESULTS  OF  TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  March  7,  1911. 

Unit  swing  on  this  date,  3.13  inches. 

Weight  of  charge,  in  grams,  220,    220,    220. 

Swing,  in  inches,  3.04,    3.11,    2.97. 

Average  swing,  in  inches,  3.04. 

3.04  :  3.13  :  :  220 :  (227). 
Therefore  the  imit  deflective  charge  of  Cameron  mine  powder  No.  1-A  is  227  grams. 

Gas  and  Dust  Gallery  No.  1. 


Wei2ht 

Metbane 

Date  (1911). 

and 

chaiiee. 

ethane. 

Test  1. 

Onnu. 

Percent. 

Mar.  8. 

227 

7.94 

Do 

227 

7.80 

l£ar.9 

227 

7.83 

Do 

227 

7.93 

Do 

227 

7.93 

Do 

227 

8.25 

Do 

227 

7.78 

Do 

227 

&11 

Do 

227 

8.U 

Ifar.  10 

227 

7.93 

TK8T3. 

U»r  tA 

227 
227 

227 

Do 

Do 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Ignition. 


Ignil 

Do. 

Do. 


Date  (1911). 


Te8T  3— Con 

Mar.  14 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  8 

Mar.  90 

Do 

Do 

Do 


Wetoht 

Metbane 
and 

cliargB. 

ethane. 

Omm». 

Percent. 

227 
227 
227 
227 
227 
227 
227 

0680 

3.98 

a680 

4.07 

a680 

4.14 

a680 

3.93 

a680 

3.97 

Result. 


No  ienltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Iimitlon. 

Do! 
Do. 
Do. 


•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  0911). 


Mar.  7. 
Do 
Do 


Distanee 

between 

sparlc  points. 


MlUhneten. 
13.56 
13.30 
13.58 


Peripheral 

speed  of  dmm 

per  seoood. 


Meten. 
45.0 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


MeUn. 
8,310 
3,388 
3,314 


Average  rate  of  detonation,  3,339  meters  (10,950  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 


Sept.  38 

^Do. 

Do. 


Height  of 
photograph. 


MUUmeleri. 
7.00 
7.50 
8.75 


Avenge  height  of  flame,  9.79  inches. 
Aven^  duratioQ  of  flame,  0.117  millisecond. 


Height  of 
flune. 


Indus. 
&84 
0.47 
11.06 


Duration 
distance. 


3iUUmiten. 
2.00 
3.00 
8.00 


Duration  of 


3iiaiueond». 
0.100 
.100 
.150 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  July  28,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result 

Distance  of 
fan. 

Numlwrof 

tiials. 

Result. 

Centimeters, 

20 

14 

8 

10 

1 
1 
1 
1 

Explosion. 

Do. 
No  explosion. 

Do. 

Centimeters. 
12 
10 
9 

1 
1 
5 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occuia  established  at  9  centimeters 
(3.54  inches). 

Explo8ion-bt-Influbncb  Test. 

Weight  of  each  cartridge,  152  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Oct.  2 

Do 

Do 

Inches. 

4 
3 
2 

Did  not  explode. 

Do. 
Exploded. 

Oct.  2 

Do 

Inches, 
8 
8 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


Oct.  4.. 
Oct.  6.. 

Do. 
Oct.  6. . 

Do. 
Oct.  7.. 

Do. 
Oct.  9.. 

Do. 


Cbarge.a 

Specific 
gravity. 

Orams. 

215 

0.96 

215 

.96 

215 

.96 

215 

.94 

215 

.94 

215 

.94 

215 

.94 

215 

.94 

215 

.94 

Height  of 
curve. 


MiUimeiers. 
81.00 
32.00 
81.25 
31.25 
80.00 
29.75 
28.75 
28.75 
29.50 


Pressure 
per  square 
centimeter. 


Kilograms, 
96.88 
100.00 
97.66 
97.66 
93.75 
92.97 

ov.  o4 

89.84 
92.19 


Cooling 
surlsce. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


AverBge 

jMessnre 

per^iuare 

oentimeter. 


jnioyrBfM. 
96wl8 

04.79 

90.62 


o  Including  15  grams  of  the  original  wrapper. 

P=1.911A4-0.5B— 1.4110=107.15  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.90.        W=2I5.0  grams. 

VPS 
M=-^|R-=:6,729  kilograms  per  square  centimeter  (95,710  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Ezplosiye  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  June  23,  1911. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Orams. 

9.6 

Liquid  (water) 66. 5 

Qaswus r ,.,.,.. , X29.6 


BESULTS  OF  TESTS. 
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Large  Galoribs  Developed  by  1  Kilogram  of  the  Explosiyb. 
Chaige,  107.3  gramB.a 


Date  (1912). 


J»n.  29. 

Jaa.30. 

Do. 


Weight 
of  water. 


KOoorame. 
81.95 
81.96 
81.95 


Rise  in 
tempera- 
ture. 


1.267 
1.227 
1.248 


Heat  devel- 
oped per 
kilogram. 


Calorie». 
1,096.0 
1.061.1 
1,079.6 


a  Including  7.3  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,078.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

• 

Date  (1911). 

Before 
explosion. 

After 
eapiosion. 

C>ompre8sk>n. 

Sept.  23 

MiUimeterB. 
63.25 
63.50 
63.50 

MiUimelere. 
46.00 
46.00 
46.50 

MUUnuters. 
17.26 

^^i)o.\:.;:::::::::.::::::::. .::::.... :.:....:: : 

17.50 

Do 

17.00 

Average  compression,  17.2  millimeters  (0.68  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grains. 


Volume  of  bore  hole. 

Expansion 

oibore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Ai>r.  11 

Cuhkcenti- 
meters. 

63 
63 
63 

CvMe  centi- 
meters. 

371 
376 
383 

CfMeeenti^ 

meters. 

306 

313 

320 

15 

^Do:::::::::::::::::::::..::.: : 

15 

Do 

15 

Average  expansion  of  bore  bole,  314  cubic  centimeters  (19.15  cubic  inches). 

CAHBBON  MINB  POWDBB  NO.  2-A. 

Explosive,  Cameron  mine  powder  No.  2-A. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Cameron  Powder  Iiianufacturing  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  157  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.94. 

Color  of  explosive,  gray. 

Cgnsistency^,  granular  and  fibrous,  fine,  very  dry,  very  soft,  slightly  cob^ve. 
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TESTS  OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  chax^ge  as  determined  by  the  ballistic  pendulum: 

Date,  March  7,  1911. 

Unit  swing  on  this  date,  3.13  inches. 

Weight  of  charge,  in  grams,  220,    220,    220. 

Swing,  in  inches,  3.05,    2.98,    2.97. 

Average  swing,  in  inches,  3.00. 

3.00  : 3.13  :  :  220  ;  (230). 
Therefore  the  unit  deflective  chaige  of  Cameron  mine  powder  No.  2-A  is  230  grams. 

Gas  and  Dust  Gallert  No.  1. 


Date  (1911). 

Weisht 
charge. 

Methana 

and 
ethane. 

Result. 

Date  (1911). 

Weisht 
chu^. 

Methane 

■nd 
ethane. 

Result. 

Tsm  1. 
Mar.  9 

Onvu. 
230 
230 
230 
230 
230 
230 
230 
230 
230 
230 

230 
230 
230 

Percent, 
8.04 
8.21 
7.82 
7.99 
8.03 
7.87 
8.06 
7.86 
8.05 
8.06 

No  ifoiltion. 

Do! 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

No  Ignition. 
Do! 

TK8T3— Con. 

llar.14 

Do 

Do 

Do 

Do 

Do 

Do 

TX8T4. 

lCar.16 

Do 

Do 

Do 

Do 

Granu. 
230 
230 
230 
230 
230 
230 
230 

0680 

•  680 

•  680 

•  680 

•  680 

Percent. 

Nolcnitiao. 
Do. 

.    Do 

Do 

Do.  * 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

liar.  10 

Do 

Do 

TB8T3. 

Mar.  14 

3.97 
3.82 
3.88 
3.99 
3.94 

NoifliHlMi. 

Do! 
Do. 

Do 

Do. 

Do 

•680  grans  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Kar.23 

Mar.  31 

Do 


Distance 

between 

spark  points. 


MUUmetere. 
14.32 
14.18 
13.63 


Peripheral 

speed  of  drum 

perseoood. 


MeUrt. 
45.0 
45.0 
45.0 


Rate  of 
detonation 
peraeoood. 


Meten, 
8,14a 
3,173 
3,308 


Average  rate  of  detonation,  3,206  meters  (10,520  feet)  per  second. 

Flame  Tsst. 
Peripheral  speed  of  fihn,  20  meters  per  second. 


Date  (1911-12). 

Height  of 
photogn4>h. 

Hrightof 
Samf-T 

Duration 
distance. 

Duration  of 
flame. 

Bent.  28 

Mmimelere. 
10.75 
7.50 
16.25 

Jfidket. 
13.68 
9.47 
20.53 

MmimeUr: 
3.50 
2.00 
6.50 

cm 

Do 

.100 

Jan.  3 

.325 

Average  height  of  flame,  14.53  inches. 
Average  duration  of  flame,  0.200  millisecond. 


RESULTS  OF  TESTS. 


59 


Date,  July  29,  1911. 


IicrAcr  Test. 


Dlstanoeof 
iaXL 

Nnmber  of 
trials. 

Result 

Dlstanoeof 
fall. 

Number  of 
trials. 

Result 

OentiauUn. 
30 
20 
16 
18 
16 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

CentimuUn. 
15 
14 
13 
12 

1 
1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

The  maxiiTniTn  height  at  which  no  explodon  occurs  established  at  12  centimeters 
(4.72  inches). 

Explobion-by-Inflitbncb  Test. 
Weight  of  each  cartridge,  160  grains. 


Data  (mi). 

Distance 
sepamting 
esitridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separattog 
cartridges. 

Result,  upper 
cartridge. 

Oct  2 

Do 

Do 

Do 

3 
2 

1 
0 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Oct  3 

Do 

Do 

Ineku. 

\ 

1 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  estahlished  at  1  inch. 

Thbokbtical  Mazimuic  Pressure  Dbtblopbd  m  Own  Volumb,  as  Detbrhined 

BT  BicHBL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter  as  i  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.^ 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

CooUng 
surface. 

A 
A 

A 
B 
B 
B 
C 
C 
C 

Average 

pressure 

per  square 

centimeter. 

Oct- 10 

Qtafnt. 
214 
214 
214 
214 
214 
214 
214 
214 
214 

0.04 
.04 
.04 
.94 
.94 
.94 
.94 
.94 
.94 

MmmeUr: 
30.75 
30.00 
31.50 
28.00 
27.  U 
28.00 
27.50 
27.00 
28.25 

KUogwnt. 
96.09 
03.75 
08.44 
87.50 
86.72 
87.50 
85. 04 
84.38 
88.28 

KUograma, 

Oct.  11 

06.00 

Do 

Oct  10 

Do 

87.24 

Do 

Oct.  9 

Do 

86.20 

Oct.  10 

a  Indudjng  14  grams  of  the  original  wrapper. 

Psl.SllA+O.dB— 1.4110=105.62  kilograms  per  square  centimeter.       ^ 

Vsl5,000  cubic  centimeteis.        8^:0.94.        W=s214  grams. 

VPS 
Ms-^^»6,959  kilograms  per  square  centimeter  (98,990  pounds  per  square  inch). 

Products  op  CoiCBUsnoN  from  200  Grams  op  the  Explosive  and  14  Grams  op 

THE  Original  Wrapper. 


Date,  June  23,  1911. 


(Analyst,  A.  L.  Hyde.] 


Grams. 

Solid 12.4 

liquid  (water) 63. 5 

130,4 

91853''— Bull.  06—1 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  by  I  Kilogram  of  the  Explosive. 
C'liarge,  107.0  gram8.« 


Date  (1912). 


Jan.  19. 

Do. 

Jan.  20. 


Weight 
of  water. 

Rise  in 
tempera- 
ture. 

EOofframt, 
81.06 
>       81.06 
81.05 

1.156 
1.170 
1.H7 

Heat  devel- 
oped per 
kuogram. 


CbUines. 
1,003.1 
1,014.4 
004.2 


a  Including  7  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,003.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1911). 

Beftyre 
explosion. 

After 
eaplosion. 

Oompressioo. 

Sent.  23 

Mimmrtart. 
63.50 
63.75 
63.60 

MUUmeUrs. 
51.25 
51.50 
51.50 

MilUmetert. 
12.25 

^^  Do.. ..:::::::.:.:: 

12.25 

Do 

13.00 

• 

Average  compression,  12.2  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grams. 


Date  (1011). 


Apr.  11 
Do 
Do 


Volume  of  bore  hole. 


Before 

shot. 


CvMcceiUi- 

meten. 

63 

63 

63 


After 
shot. 


CubkeetM- 
meien. 
302 
355 

357 


Expenslon 

of  bore 

hole. 


Cvbiecend' 
nctcn. 
299 

292 

294 


tureof 
blooK. 


C. 


15 
15 
15 


Average  expansion  of  bore  hole,  295  cubic  centimeters  (18  cubic  inches). 

CAHBBON  MINE  POWDEB  NO.  2-A,  L.  F. 

Explosive,  Cameron  mine  powder  No.  2-A,  L.  F. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Cameron  Powder  Manufacturing  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  183  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.18. 

Color  of  explosive,  com. 

Consistency,  granular,  very  fine,  dry,  soft,  slightly  cohesive. 


BBSULTS  OF  TESTS. 
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Unit  deflective  charge  as  detennined  by  the  ballistic  pendulum: 
Date,  September  25,  1911. 
Unit  swing  on  this  date,  3.41  inches. 
Weight  of  charge,  in  grams,  235,    235,    235. 
Swing,  in  inches,  3.47,    3.43,    3.42. 
Average  swing,  in  inches,  3.44. 

3.44  :  3.41  ;  :  235  :  (233). 
Therefore  the  unit  deflective  charge  of  Cameron  mine  powder  No.  2~A,  L.  F.,  id 
233  grams. 

Gas  and  Dust  Gallbbt  No.  1. 


Date  (1011). 


Test  l. 

ScpL27... 

Do..-- 

Do.... 

Do.... 

Do.... 

Do..-- 
8«pt.28... 

Do 

Do.-.. 

Do.... 

TssT  3. 

Sept.  29... 
Do.... 
Do.... 


Weieht 

Meth&DB 
and 

cbarga. 

ethane. 

Orami. 

Percent. 

233 

8.23 

233 

&15 

233 

a.  30 

233 

8.85 

233 

&08 

283 

&34 

233 

8.00 

233 

7.90 

233 

8.12 

233 

&23 

233 
233 
233 

Result. 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1911). 


Test  3— (3on 

Sept.  29 

Sept  30 

Do 

Do 

Oct.  2 

Do 

Do 

Test  4. 

Sept.  28 

Do 

Do 

Do 

Do 


WelfOit 

Methane 

of 

and 

chargB. 

ethane. 

Gmnu. 

Percent. 

233 
233 
233 
233 

233 
233 
233 

a680 

4.25 

a680 

4.28 

0680 

4.11 

a680 

4.09 

0680 

4.06 

Result. 


No  imition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  lAiition. 
Do. 
Do. 
Do. 
Do. 


a  680  granu  or  more  was  usbd. 
Rate  of  Dbtonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Sept.  30 

Sept.  27 

Do. 


Dtetanoe 

between 

spark  points. 


Perii^ieral 

speed  of  drum 

perssoond. 


MUUmetere. 
13.43 
13.21 
13.83 


MeUn. 
46.0 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


Meters. 
3,353 
3,407 
3,254 


Average  rate  of  detonation,  3,338  meters  (10,950  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 


Jan.  28 
Do 
Do 


Height  of 
photograph. 


MiUimetere. 
9.75 
5.75 
9.75 


Height  of 
flame. 


Inehee. 
12.33 
7.26 
12.32 


Duration 
distance. 


Mittimetere. 
5.00 
2.75 
5.75 


Duration  of 
flame. 


MUliteeonde. 
0.250 
.138 


Average  height  of  flame,  10.63  inches. 
Average  duration  of  flame,  0.225  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Impact  Tsbt. 


Date,  November  9,  1912. 


Distance  of 
faU. 

Number  of 
trials. 

R«8Ult. 

Distance  of 
faU. 

Number  of 
trialc 

ResuU. 

Centimeters. 

8 

16 

32 

24 

1 
1 
1 
1 

No  explosion. 

Do. 
Explosion. 
No  explosion. 

OenHtnetfts. 
28 
30 
31 
30 

1 

1 
1 

4 

Noexploeioa. 

Do. 
ExplosioD. 
Noexploakm. 

The  maximum  height  at  which  no  explosion  occurs  established  at  30  centimeters 
(11.81  inches). 

Explosion-by-Inpluencb  Test. 

Weight  of  each  cartridge,  179  grams. 


Date  (1912). 

Distance 

separating 
cartridges. 

Resalt,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Resalt,  upper 
cartridge. 

Dec.  12 

Do 

Do 

Inches. 

6 
4 
2 

Did  not  explode. 

Do. 
Exploded. 

Dec.  12 

Do 

Do 

Indus. 

3 
3 
3 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Thboretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determinbd 

BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.40  millimeter^l  kilogram  per  square  centimeter. 


Date  (1913). 


Jan.  29. 
Jan.  30. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 


Charge.^ 


Qrams. 
106.5 
106.5 
106.5 
106.5 
106.5 
106.5 
106.5 
106.5 
106.5 


Specific 
gravity. 


1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 
1.11 


Height  of 
curve. 


MUUmeters. 
20.75 
21.50 
21.50 
19.00 
19.00 
19.75 
19.25 
19.00 
19.25 


Prtasure 
per  square 
centimeter. 


(Pooling 
surfBoe. 


KOonranu. 
51.88 
53.76 
53.75 
47.50 
47.50 
40.38 
48.12 
47.50 
48.12 


A 
A 
A 

B 
B 
B 
C 
C 
C 


pw  square 


I 


lOlogmnu. 
5S.U 


4S.13 
47.91 


a  Including  6.5  grams  of  the  original  wrapper. 

P= 1.911  A 4-0. 5B— 1.4110=58.00  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S^l.ll.        W— 106.5  grams. 

VPS 
M=-^^ =9,068  kilograms  per  square  centimeter  (128,980  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  op 

THB  Original  Wrapper. 


December  9,  1912. 


[Analyst,  A.  L.  Hyde.] 


Solid : 18.7 

Liquid  (water) 73. 0 

Gaseous 106. 5 


BBSULTS  OF  TESTS. 
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LaROB  OaLOUSS   DbVBLOPKD  by  1   KlLOORAM  OF  THB  BZPLOSXVE. 

Chaige,  106.5  grams.^ 


Date  (1913). 


J8IL.30. 

Do. 
Feb.  21. 


Weight 
of  water. 


KUogramt. 
81.06 
81.05 
81.05 


Rise  in 

tempera* 

ture. 


1.360 
1.364 
1.330 


Heat  devel- 
oped per 
kuogram. 


Oaloriet, 
1,103.8 
1,180.4 
1,150.6 


a  Including  6.5  grams  of  the  original  wrapper. 

Average  laige  calories  per  kilogram  of  explosive,  1,180.9. 

Compression  op  Small  Lead  Blocks. 
Chaige,  100  gxams. 


Height. 

Date  (1013). 

Before 
explosion. 

After 
exploeion. 

Compression. 

Jan.  27 

Miaimeters. 
63. 2£ 
63.50 
63.75 

Mimmeters. 
50.00 
50.25 
50.00 

MiUimOert. 
13.25 

Do 

13.26 

Do 

13.75 

Average  compreasion,  13.4  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grams. 


Date  (1013). 


Nor.  15 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cubic  etnti- 

metera. 

63 

63 

63 


After 
shot. 


Cubic  eentir 

meters. 

266 

260 

270 


Expansion 

of  bore 

hole. 


Cubic  centi- 

meUn. 

203 

107 

207 


Tempera- 
tore  of 
block. 


•C. 


15 
16 
15 


Average  expamdon  of  bore  hole,  202  cubic  centimeters  (12.32  cubic  inches). 

CAHBBON  MINB  POWDBB  NO.  3-A. 

Explosive,  OamercNi  mine  powder  No.  3-A. 

Glass  4,  nitroglycerin. 

Manufoctured  by  the  Cameron  Powder  Manu&cturing  Co. 

Physical  examination  : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  176  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  detennined  by  the  ballistic  pendulum: 

Date,  March  7,  1911. 

Unit  swing  on  this  date,  3.13  inches. 

Weight  of  charge,  in  grams,  310,    310,    310. 

Swing,  in  inches,  3.24,    3.28,    3.32. 

Average  swing,  in  inches,  3.28. 

3.28  :  3.13  :  :  310  :  (296). 
Therefore  the  unit  deflective  charge  of  Cameron  mine  powder  No.  3~A  is  296  grains. 

Gas  and  Dxtst  Gallery  No.  I. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1011). 

Weight 
chairge. 

Methane 
and 

ethane. 

Resolt. 

Test  i. 
Mar.  11 

Gnmi. 
206 
296 
396 
296 
296 
296 
296 
296 
296 
296 

296 
296 
296 

Percent, 
7.99 
8.06 
7.70 
8.07 
7.08 
8.11 
8.08 
7.87 
7.80 
8.02 

1 

No  indtlon. 

Do.' 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ifmition. 
Do. 
Do. 

Test  3— Con. 

Mar.l5 

Do 

Do 

go. 

Do 

Do 

Do 

Test  4. 

Mar.  18 

Do 

Mar.  20 

Do 

Do 

Oranu. 
296 
296 
296 
296 
296 
296 
296 

0680 

•  680 
a680 

•  680 

•  680 

Pereau, 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Mar.  13 

Do 

Do 

Test  3. 

Mar.  15 

4.15 
4.01 
4.06 
4.03 
4.03 

No  ^ttlon. 

Do*. 
Do. 

Do 

Do. 

Do 

•  680  gnuns  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Mar.  8. 

Mar.  10 

Do. 


Distance 

between 

spark  points. 


MUUmeten. 
13.73 
13.28 
13.50 


PeriiAieral 

speed  of  drum 

per  seoQod. 


MtUn, 
45.0 
45.0 
45.0 


Rate  of 
detiRiatia& 


M€t€f9m 

3,277 
a.  380 
3,333 


Average  rate  of  detonation,  3,333  meters  (10,930  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jmi-  3 . .   . 

MUUmtUri. 
15.50 
17.50 
17.75 

In6ke9. 
19.68 
22.11 
22.42 

MUlimtlfTs. 
6.75 
7.50 
7.00 

BfTfffifnmrfi 
Q.33S 

Do 

-375 

Do 

3fiO 

Average  height  of  flame,  21.37  inches. 
Average  duration  of  flame,  0.354  millisecond. 


HE6TJLTS   OF   TESTS. 
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Date,  July  24,  1911. 


Impact  Tsst. 


DistaDceof 
falL 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

CentimeUn. 
20 
16 
12 
15 
14 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Centimeters. 
13 
12 
12 
11 

1 
1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximmn  height  at  which  no  explosion  occuib  established  at  11  centimeters 

(4.33  inches). 

Explo8Ion-by-Influencb  Test.    , 

Weight  of  each  cartridge,  175  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Resalt,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Oct.  3 

Do 

Do 

Do 

Inches. 

4 
2 
3 

4 

Did  not  explode. 
Exploded. 

Do. 

Do. 

Oct  3 

Do 

Do 

Inches. 
ft 
ft 
5 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theorbtical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeterssl  kilogram  per  square  centimeter. 


Date  (1911). 


Oct.  11. 

Do. 
Oct.  12. 

Do. 

Do. 
Oct.  13. 

Do. 

Do. 
Oct.  14. 


Charge.^ 

Specifle 
gravity. 

Orams. 

213 

1.03 

213 

LOS 

213 

LOS 

213 

LOS 

213 

LOS 

213 

LOS 

213 

LOS 

213 

LOS 

213 

LOS 

Height  of 
curve. 


MHUmeten. 
2L25 
2L25 
20.25 
20.75 
2L25 
2L50 
2L2S 
2L25 
20.50 


Pressure 
per  square 
centimeter. 

Cooling 
surface. 

KHoanms. 

66.41 

A 

66.41 

A 

63.28 

A 

64.84 

B 

66.41 

B 

67.19 

B 

66.41 

0 

66.41 

C 

64.06 

C 

Average 

pressure 
per  square 
centimeter. 


Kilograms. 
65.37 

66.15 

65.63 


a  Including  13  grams  of  the  original  wrapper. 

P=1.911A+0.5B— 1.411C=66.39  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.    S=1.03.    W=213  grams. 

VPS 
M=-«^=4,743  kilograms  per  square  centimeter  (67,470  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 


Date,  June  26,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Oiama. 

59.2 

Liquid  (water) 12. 1 

Gaseous 127. 1 
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TESTS  OF  PfiBMISSIBLfi  BXPLOSIVES. 


Large  Calories  Developed  bt  1  Kilogram  of  the  Exklosivb. 
Chaige,  106.5  grains. ^ 


Date  (1911). 


Dec.  27. 

Dec.  29. 

Do. 


Weight 
of  water. 


KUogramt. 
81.95 
81.95 
81.95 


Ctaisrier. 
653.1 
609.7 
660.7 


« Includfaig  0.5  grams  of  the  original  wr^>per. 

Average  large  calories  per  kilogram  of  explosive,  664.2. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Date  (1911). 

Height. 

Before 
expioeion. 

After 
explosion. 

Conqvessiooi. 

SeDt.  26 

MUUmeiert. 
63.50 
63.50 
63.50 

MUOmOen. 
49.00 
48.75 
49.00 

MOUnuters, 
14.50 

Do.™:::::::::::::::::::::::::::::::::::::::::::::::::: 

14.75 

Do 

14.50 

Average  compression,  14.6  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Chaige,  10  grams. 


Date  (1011). 


Apr.  11. 
Do. 
Do. 


Vohime  of  bore  hole. 


Before 
shot. 


Cubkeenti- 

mettn, 

63 

63 

63 


After 
shot. 


Cubiecetai- 

1IUt€f9, 

340 
240 
246 


Expansion 

01  bore 

hole. 


CtMeetnH- 

177 
177 
183 


tore  of 
bloek. 


•C. 


15 
U 
15 


Average  expansion  of  bore  hole,  179  cubic  centimeters  (10.92  cubic  inches). 

CABBONITE  NO.  4. 

Explosive,  Carbonite  No.  4. 

Class  4,  nitroglycerin. 

Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1)  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  246  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.05. 

Color  of  explosive,  drab. 

Consistency,  granular;  coarse;  dry;  hard;  slightly  cohesive. 


RESULTS  OF  TESTS. 
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Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  February  11,  1910. 

Unit  swing  on  this  date,  3.26  inches. 

Weight  of  chaige,  in  grams,  320,    320,    320. 

Swing,  in  inches,  3.20,    3.18,    3.20. 

Average  swing,  in  inches,  3.19. 

3.19  :  3.26  : :  320  ;  (327). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  4  is  327  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (inO). 

Weteht 
chureB. 

Methane 

and 
ethane. 

Resalt. 

Date  (1910). 

Weisht 
charge. 

Methane 

and 
ethane. 

Result. 

TE9T  1. 
Feb.  12. 

Oranu. 
327 
327 
327 
327 
327 
327 
327 
327 
327 
827 

327 
327 
337 

Percent. 
8.16 
8.16 
8.26 
8.26 
7.87 
8.81 
7.90 
8.23 
8.23 
8.13 

No  tenition. 
Da 
Do. 
Do. 
Da 
Da 
Do. 
Do. 
Da 
Da 

Noicnltlon. 
Do. 
Da 

Test  3— Coa 

Feb.  16 

Do 

Do 

Feb.  17 

Do 

Do 

Do 

Test  4. 

Feb.  28 

Do 

Do 

Do 

Do 

Omm$. 
327 
327 
327 
327 
327 
327 
327 

«eBO 
0680 
a680 
a680 
«ffi0 

Per  cent. 

No  tenltlon. 

Do 

Da 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Da 

Feb.  14. 

Do. 

Do 

Do 

Do 

Tut  3. 

Feb.  16. 

4.16 
3.97 
4.10 
4.10 
4.10 

No  imitkm. 
Do. 
Do. 
Do. 

Do 

Da 

Do 

a  680  grams  or  more  was  used. 


Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Fob.  9. 
F^b.  15 
Mar.  2. 


Distance 

between 

■park  points. 


MWhneters. 
18.33 
18.31 
18.50 


Perli^eral 

speed  of  drum 

per  second. 


Meten. 
48.0 
48.0 
43.0 


Rate  of 
detonatfcm 
per  second. 


2,346 
3,348 
3,324 


Average  rate  of  detonation,  2,339  meters  (7,670  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Hd^tof 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jaiir  29 

MiUimeUre. 
7.00 
7.26 
4.00 

Inchee. 
8.84 
9.16 
6.06 

'Mmimetere. 
2.60 
2.00 
L60 

Mmieecondt. 
0.126 

Do 

.100 

Do 

.076 

• 

Average  height  of  flame,  7.68  inches. 
Average  duration  of  flame  0.100  millisecond. 


68 


TESTS  OF  PEBMISSIBLBI  EXPLOSIVES. 


Impact  Test. 


Date,  December  5,  1912. 


Distance  of 

Number  of 
tiialR. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

• 

CtJitimeters. 
8 
16 
12 
10 
11 
10 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

CenHmeUrt. 
9 
9 
8 
7 
7 
6 

3 

1 
1 
1 
1 
5 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  6  centimeters 
(2.36  inches). 

Explosion-bt-Influence  Test. 

Weight  of  each  cartridge,  169  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  6 

Do 

Dec.  8 

Inehet. 

8 

12 

10 

Exploded. 
Did  not  explode. 
Do. 

Dec.  8 

Do 

Do 

IntAet. 
9 
9 
9 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1910). 


Oct.  17. 

Do. 

Do. 
Oct.  18 

Do. 

Do. 

Do. 
Oct.  19. 

Do. 


Charge.o 

Specific 
gravity. 

Grams. 

210 

1.05 

210 

1.05 

210 

1.05 

210 

1.05 

210 

1.05 

210 

1.05 

210 

1.05 

210 

1.05 

210 

1.05 

Height  of 
curve. 


MWimiten. 
23.25 
22.50 
23.00 
22.50 
22.00 
21.50 
20.50 
20.50 
21.50 


Pressure 
per  square 
oenttmeter. 


KUograma. 
58.12 
56.25 
57.50 
56.25 
55.00 
53.75 
51.25 
51.25 
53.75 


Cooling 
suriBoe. 


AvecagiB 

pressure 

per square 

centimeter. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


KUogravM. 
57.28 

55.00 

52.08 


a  Including  10  grams  of  the  original  wrapper. 

P=1.911A-|-0.5B  — 1.411C=63.50  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.05.        W=210  grams. 

VPS 
M=-iFrr-=  4, 762  kilograms  per  square  centimeter  (67,740  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosivb  and  13  Grams  of 

THE  Orioinal  Wrapper. 


Date,  September  6,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Orams. 

76.2 

Liquid  (water) 20.  0 

Gaseous 113.7 


BSSULTd  OP  TESTS. 


6d 


Large  Oalobiks  Devslopsd  by  1  Kilooram  of  the  Explosive. 
Chaige,  106.5  gramfl.o 


Date  (1013). 


Jan.  13. 

Jan.  14. 

Do. 


Weight 
of  water. 

Riaein 
tempera- 
ture. 

KUograms. 
81.96 
81.96 
81.95 

0.605 
.706 
.605 

Heat  devel- 
ooedper 
kilogram. 


OalorUt. 
602.1 
611.7 
602.1 


a  Including  6.5  grams  of  the  original  wrapper. 

Average  laige  caloriee  per  kilogram  of  explosive,  605.3. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grains. 


* 

Height. 

Date  (1018). 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  ?7 

MiOhneten. 
63.75 
63.50 
63.00 

MittimeUr*. 
55.50 
55.00 
54.75 

MUUmeUre. 
8.25 

Do 

8.50 

Do 

8.25 

\ 

Average  compression,  8.3  millimeters  (0.33  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Data (1012). 

Before 
shot. 

Afber 
shot. 

ture  of 
block. 

Not.  15 

CtMccerai- 
metere. 
63 
63 
63 

CuMcceiKi- 

meUTi, 

170 

175 

170 

Cvbieeenti- 

meten. 

107 

112 

107 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  hore  hole,  109  cubic  centimeters  (6.65  inches). 

OABBOmTE  NO.  6. 

Explosive,  Garbonite  No.  5. 

Class  4,  nitroglycerin. 

Manufactured  by  the  E.  L  du  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  }  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  86  grams. 

Oartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  bufif. 

CoDflifltoncy,  fibrous,  fine,  very  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  320,    320,    320. 

Swing,  in  inches,  3.26,    3.20,    3.18. 

Average  swing,  in  inches,  3.21. 

3.21  :  3.05  ::  320  :  (304). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  5  is  304  grams. 

Gas  and  Dust  GAiiLERT  No.  1. 


Date  (1911). 

Wfllrfit 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weisht 
charisB. 

Orams. 
304 
304 
304 
304 
304 
304 
304 

OA80 
a680 
a680 
aA80 
'680 

Methane 

and 
ethane. 

Result. 

Tbst  1. 
Jan.  25 

Oramt. 
304 
304 
304 
304 
304 
304 
304 
304 
304 
804 

904 
904 

304 

Percent. 

7.85 
7.93 
7.77 
8.13 
7.79 
8.22 
8.13 
8.14 
8.13 
8.06 

No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ismition. 
Do. 

Test  3— €bn. 

Feb.  2 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan.  30 

Do 

Do 

Do 

Do 

Percent. 

NoignlUan. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Fob.2 

4.04 
3.94 
3.92 
4.18 
4.06 

Notenition. 

DO. 

Do. 
Do. 

Do 

Do. 

Do 

•  680  grams  or  more  was  need. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Jan.  31. 
Do. 
Do. 


Distance 

between 

spark  points. 


Paripheral 
speed  of  drum 


14.16 
14.82 
14.70 


MeUn. 

45.0 
45.0 
45.0 


Rate  of 
detonation 


Meters, 

8,178 
3,088 
3,001 


Average  rate  of  detonation,  3,092  meters  (10,140  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 


Height  of 
photogR4>h. 


July  27 
Do 
Do 


Wttimeteri. 
13.00 
13.00 
9.75 


Heti^t  of 
flame. 


Inehet. 
16.48 
16.42 
12.32 


Dantion 
distance. 


MilUmeter9 
e.50 
6.75 
6.00 


Duiation  of 
flame. 


MUtiiecomdM. 


2S0 


Average  height  of  flame,  15.05  inches. 
Avemge  dur&tion  of  flame,  0.288  millisecond. 


BESULTS  OF  TESTS. 
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Impact  Tbst. 


Date,  July  26,  1911. 


DlBtanoeof 
fUL 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

CgnUmtUrt. 
20 
14 
17 
J6 
15 

Explosion. 
No  explosion. 
Explosion. 

Do. 

Do. 

vivlHHIMWrS* 
14 
14 
13 
12 
11 

1 
1 
1 
1 
5 

No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimetezs 
(4.33  inches). 

Exflosion-by-Influencb  TB0T. 
Weight  of  each  cartridge,  180.5  grams. 


Date  (1911). 

Distance 
separating 
cartiidges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartndge. 

Sept.  21 

Do 

Do 

'  8 
6 
3 

Did  not  explode. 

Do. 
Exploded. 

Sept.  21 

Do 

Do 

Jacket. 

4 
5 
5 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BiCMEL  Pressure  Gaob. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


July  25. 

Do. 

Do. 
lolyM. 

Do. 

Do. 

Do. 

Do. 

Do. 


Cbarga.« 

Spedflc 
gravity. 

GmtM, 

221 

1.06 

231 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

Height  of 
curve. 


MUUfiuiert. 
25.50 
26.00 
26.50 
25.25 
25.25 
25.00 
25.00 
25.00 
24.00 


Pressure 
per  square 
ceiitlineter. 


KUogravu. 
63.75 
65.00 
66.25 
63.13 
63.13 
62.50 
62.50 
62.50 
60.00 


Coding 
surfsoe. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Avenge 

pressure 

per  square 

centimeter. 


65.00 
62.92 
61.67 


a  Including  31  grams  of  the  original  wrapper. 

P=1.911A-f-0.6B  — 1.4110=68.66  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.06.        W=221  grams. 

VPS 

M=4^=4,940  kilograms  per  square  centimeter  (70,270  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

THE  Original  Wrapper. 


Date,  June  15,  1911. 


[Analjrst,  A.  L.  Hyde.] 


Grams. 

Solid - 64.1 

Liquid  (water) 9. 3 

Gaseous 139.8 


72 


TESTS  OF  PEBMIS8IBLE  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  of  the  Explosivb. 

Charge,  110.5  grams.^* 


Pate  (1911). 


July  24. 

July  26. 

Do. 


Weight 
of  water. 


KUognvu. 
80.05 
80.05 
80.05 


Rise  in 

tempera. 

ture. 


o!685 
.720 
.720 


Heat  devel- 
oped per 
kJjQgram. 


C9lorit9. 
565.  o 

0V4a   V 

504.9 


a  Including  10.5  grams  of  the  original  wn^yper. 

Average  large  calories  per  kilogram  of  explosive,  585.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1011). 

Before 
expkxtioii. 

After 
ezploskm. 

OompreBBian. 

Aug.  31 

MimmeUr; 
63.50 
63.50 
63.50 

MittinuUrs. 
51.75 
52.25 
51.50 

Mmimitfra. 
11.75 

Do 

11.25 

Do 

12.00 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

of  bore 
hole. 

Tempeia- 

Date  (1011). 

Before 
shot 

After 
shot. 

toreof 

block. 

Anr.  7 

CtMecenH- 

63 
63 
63 

CvMccenU- 

meten. 

217 

222 

218 

OteMeceiMi- 

flMteff. 

154 

150 

155 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  156  cubic  centimeters  (9.52  cubic  inches). 

CABBOmTE  NO.  6. 

Exi)lo8ive,  Carbonite  No.  6. 

Class  4,  nitroglycerin. 

Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  }  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  86  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  com. 

Consistency,  granular,  fine,  very  dry,  soft,  slightly  cohesive. 


RESULTS  OF  TESTS. 
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Unit  deflective  charge  as  detennined  by  the  ballistic  pendulum: 

Date  January  23, 1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  340,    340,    340. 

Swing,  in  inches,  3.06,    2.95,    3.03. 

Average  swing,  in  inches,  3.01. 

3.01  :  3.05  : :  340  :  (346). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  6  is  345  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 


Test  1. 

Jan.  26.... 
Jan.  26.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do 

Do.... 

Do.... 

Do.... 

TESrt  3. 

Feb.  3....^ 
Do.... 
Do.... 


Wekht 

Methane 
and 

charge. 

ethane. 

Grams. 

Percent. 

345 

8.23 

345 

7.91 

345 

7.93 

345 

7.84 

345 

8.19 

345 

7.96 

345 

7.90 

345 

8.06 

345 

8.08 

345 

* 

7.99 

345 
345 
345 

Resolt. 


Noiniition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  imltUm. 
Do. 
Do. 


Date  (1911). 


Test  3— Con 

Feb.  3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan.  30 

Jan.  31 

Do 

Do 

Do 


Weight 

Methane 

and 

charge. 

ethane. 

Qrama. 

Percent. 

345 
345 
345 
345 
345 
345 
345 

a  680 

3.99 

a  680 

3.94 

a  680 

4.02 

a680 

4.02 

a680 

4.12 

Result. 


No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Kolmltion. 
Do. 
Do. 
Do. 
Do. 


•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1)  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Per^baral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  31 

MWmetert. 
19.55 
19.38 
20.18 

MeUre. 
45.0 
45.0 
45.0 

Meun. 
2,302 

Do 

2,322 

Fob.  10 

2,230 

Average  rate  of  detonation,  2,285  meters  (7,490  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 

Date  (1911). 

Height  of 
photograph. 

Height  of 

Duration 
distance. 

Duration  of 
flame. 

JalT27 

MiXUmeUrt. 
9.75 
11.50 

11. 2S 

Inchet. 
12.32 
14.53 
14.21 

MUUmetert. 
4.50 
7.00 
6.00 

MUUteconds. 
0.225 

Do - 

.360 

Do 

.300 

Average  height  of  flame,  13.69  inches. 
Average  duration  of  flame,  0.292  millisecond. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Ihpagt  Te0T. 


Date,  July  26,  1911. 


DiBtaace  of 
faU. 

Number  of 
trials. 

Resalt. 

Distance  of 
fall. 

Number  of 
trials. 

lUauit 

CenUmeten, 
15 
20 
17 
16 

1 

1 
1 
1 

No  explosion. 
Sxploskm. 

Do. 

Do. 

OMUmeUft, 
15 
14 
13 
12 

1 

1 
1 
5 

Explosion. 

Do. 

Do. 
No  exploskm. 

The  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influbncb  Tbst. 

Weight  of  each  cartridge,  179  grams. 


Date(ieil). 

Distance 
se  panting 
cartridges. 

Resalt,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  22 

Do 

Do 

Do 

Inehet. 

7 
4 
3 
2 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Sept.  22 

Do 

Do 

Inehet. 
3 

4 
4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Dbtbrminbd 

BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimetersl  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.^ 

Speciilc 
gravity. 

Height  Of 
ciure. 

Pressure 
per  square 
centimeter. 

Cooling 
surftee. 

Average 

preasure 
per  square 
centimeter. 

Gnms. 

UmimeUTt. 

JTOoffroms. 

KUatfWu. 

July  26 

221 
221 

1.05 
1.05 

22.00 
21.75 

55.00 
54.38 

A 
A 

Do 

55.42 

Do 

221 

1.05 

22.75 

56.88 

A 

July  25 

221 

1.05 

21.50 

53.75 

B 

Do 

221 

1.05 

20.75 

51.88 

B 

51.13 

Do 

221 

1.05 

21.50 

53.75 

B 

Do 

I           221 

1.05 

20.25 

50.63 

C 

Do 

221 

1.05 

20.00 

50.00 

C 

50.21 

Do 

221 

1.05 

20.00 

50.00 

C 

o  Including  21  grams  of  the  original  wrapper. 

P=1.911A-f0.5B- 1.4110=61.63  kilograms  per  square  centimeter. 
V= 15,000  cubic  centimeters.        S=1.05.        W=221  grams. 
VPS 


M 


w 


b4,392  kilograms  per  square  centimeter  (62,470  pounds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  June  16,  1911.  Grams. 

Solid 71.  7 

Liquid  (water) 11. 8 

Gaseous 123. 8 


BESULTS  OF  TESTS. 
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Lasob  Caloribs  Dbvelopbd  bt  1  Kilogram  of  thb  Exflosivb. 
Ghaige,  110.5  grams.o 


Date  (1011). 


Inly  37. 
Do. 
Do. 


Weight 
of  water. 

Rtoein 
tempera- 
ture. 

Kiiogranu. 
80.06 
80.06 
80.05 

0!678 
.706 
.607 

Heat  devel- 
oped per 
kilogram. 


Calarta. 
&50.8 
683.2 
675.6 


•  IndadiDg  10.5  grama  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  exploeive,  572.9. 

COMFRBSBION  OF  SmaLL  LbAD  BlOOKB. 


Chaige,  100  grama. 

Height. 

Date  (1011). 

Before 
explosion. 

After 
explosion. 

CompresBioo. 

Aug.  31 

Uminutert, 
63.25 
63.50 
63.50 

MOlimeten. 
54.26 
54.75 
54.75 

Mimmeter$, 
0.00 

Do 

8.76 

Do 

8.76 

Average  compression,  8.8  mOlimeters  (0.35  inch). 

Expansion  of  Bore  Holb  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1011). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  7 

CvMeeenH- 

metert. 

63 

63 

63 

CttbkeenH- 

metert, 

183 

181 

188 

CtMeeenti- 

tnetcn, 

120 

118 

125 

•c. 

16 

Do 

15 

Do 

15 

Average  exi>ansion  of  bore  hole,  121  cubic  centimeters  (7.38  cubic  inches). 

OOAUTS  A. 

Explosive,  Coalite  A. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

lianuiiactured  by  the  Potts  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  171  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  ecru. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

91863**— BuU.  66—13 6 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  baUistic  pendulum: 

Date,  January  10, 1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  245,    245,    245. 

Swing,  in  inches,  3.36,    3.38,    3.44. 

Average  swing,  in  inches,  3.39. 

3.39  :  3.40  :  :  245  :  (246). 
Therefore  the  unit  deflective  charge  of  Coalite  A  is  246  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date(igiS). 

Weiefat 
ohar^. 

lliethane 

and 
ethane. 

R0wlt. 

Test  1. 
Jan.  15 

Cframa. 
246 
246 
246 

•       246 
246 
246 
246 
246 
246 
246 

246 
246 
246 

Percent. 
8.24 
8.41 
8.09 
7.85 
7.98 
7.92 
7.88 
8.32 
8.04 
8.16 

No  imltlon. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Jan.  23 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan.  19 

Jan.  20 

Do 

Jan.  22 

Do 

Qrams. 
246 
246 
246 
246 
246 
246 
246 

0680 
a680 
a080 

•  680 

•  680 

Z^€f  OPln. 

No  ^nition. 

Do 

Do 

Do. 

Do 

Do. 

Jan.  16 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  23 

4.07 
3.91 
3.94 
4.06 
4.02 

No  knitlon. 

d2] 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 


Jan.  12 
Do 
Do 


Distance 

between 

spark  points. 


MiUHnetert. 
1&60 
16.50 
16.25 


Peripheral 

speed  of  drum 

per  second. 


Metert, 
44.5 
44.0 
45.0 


Rate  of 
detonation 


2.681 
2.666 
2,760 


Average  rate  of  detonation,  2,705  meters  (8,870  feet)  per  second. 

Flavb  Test. 


Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Apr.  8. 
Do 
Do 


Heifpitof 
photograph. 


Mittimden. 
14.00 
13.75 
15.25 


Height  of 
flame. 


JnckcM. 
17.68 
17.87 
19.26 


Duration 
distance. 


Mittimetert. 
5.00 
5.50 
5.00 


■Durattooof 


Mmi9econds. 
a2S0 
.275 
.250 


Average  height  of  flame,  18.10  inches. 
Average  duration  of  flame,  0.258  millisecond. 


BESITLTS  OP  TESTS. 
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Date,  Uaich  4, 1912. 


IXPACT  TBST. 


Distance  of 
fill. 

Number  of 
trials. 

Result 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

CttUimeten. 
20 
19 
18 
18 
17 
17 

1 
1 
2 

1 
4 
1 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Ctntifnttert, 
16 
16 
15 
15 
14 

4 
1 
1 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  exploflion  occura  establiahed  at  14  centimeters 
(5.51  inches). 

£ZPLOaiOK-BY-lKFLUBNGB  TbBT. 

Weight  of  each  cartridge,  158  grams. 


I>ate  (1912). 

Distance 
separatinK 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Apr.  12. 

Do 

Do 

Do 

Do 

Ineket. 
3 

4 
5 
6 
7 

Exploded. 
Do. 
Do. 
Do. 
Do. 

Apr.  12 

Do 

Do 

Do 

Do 

1 

Indiea. 
9 
12 
10 
10 
10 

Exirioded. 

Dia  not  explode. 
Do. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theokstical  Maximum  Pressurx  Developed  in  Own  Volume,  as  Determined 

BT  Bichel  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter^l  kilogram  per  square  centimeter. 


I>a«s  (1912). 


Apr.  11. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


CtaarKe.<> 

Spedflc 
gravity. 

Height  of 
curve. 

Oranu. 

MiOimeterf. 

219 

a98 

31.25 

219 

.98 

3L75 

219 

.98 

31.75 

219 

.98 

28.75 

219 

.98 

29.00 

219 

.98 

29.00 

219 

.98 

2a  00 

219 

.96 

2&60 

219 

.98 

29.00 

Pressure 
per  square 

centimeter. 


Eitogranu. 
97.66 
99.22 
99.22 
80.84 
90.62 
9a  62 
87.50 
89.06 
9a  62 


A 
A 
A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


EHogranu. 
98.70 


9a  36 


80.06 


a  Including  19  grams  of  the  original  wrapper. 

P=l. 91  lA-f0.5B—1.411C= 108.13  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        8=0.98       W=219  grams. 

■y-po 

^f-.  -——7^258  kilograms  per  square  centimeter  (103,230  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Exflosive  and  19  Grams  of 

THE  Original  Wrapper. 


Date,  February  1,  1912. 


[Analyst  A.  L.  Hyde.] 


Grams. 
10.5 


Solid 

Liquid  (water) 77.0 

Qaaeous 1^20. 6 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  of  the  EzpLoarvB. 
Charge,  109.5  gram8.« 


Date  (1912). 


lCar.7. 
Do. 
Do. 


Weight 
of  water. 


KUogramt, 
81.05 
81.05 
81.05 


Rise  in 
tempera- 
ture. 


0*700 
.710 
.090 


Heat 
oped 

kflOB 


CtaloHec. 
580.9 

6oai 

5S1.4 


a  Including  9.6  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  592.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1912). 

Before 
explosion. 

After 
ezploskm. 

(compression. 

Apr.  9 

MUUnutert. 
63.25 
63.25 
63.50 

MiOimden. 
5a  50 
51.00 
51.00 

MmhnHer: 

12.  75 

*^Do ::::::::;:::: 

12-  2S 

Do 

12.  &0 

Average  compresBion,  12.5  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


Apr.  11. 
Do. 
Do. 


Volume  of  bore  hole. 

ofboro 
hole. 

Before 
shot. 

After 
shot. 

CuhkeentU 

meters. 

63 

63 

63 

OuMeceiKi- 

meten, 

Tffr 

270 

265 

CuMeeenU- 
meUrt. 
204 
207 

202 

tureof 
block. 


•C. 


15 
15 
15 


Average  expansion  of  bore  hole,  204  cubic  centimeters  (12.44  cubic  inches). 

COAUTS  Z. 

Explosive,  Coalite  X. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination  : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.92. 

Color  of  explosive,  ecru. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BESULTS  OF  TESTS. 
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Unit  deflective  charge  as  determined  by  ballistic  pendulum  : 

Date,  January  10, 1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  225,    225,    225. 

Swing,  in  inches,  3.43,    3.42,    3.33. 

Average  swing,  in  inches,  3.39. 

3.39  :  3.40  ::  225  :  (226). 
Therefore  the  unit  deflective  charge  of  Coalite  X  is  226  grams. 

Gas  and  Dust  Gallery  No.  1. 


Dftts  (1912). 


I. 

Jan.  11.... 

Do.... 
Jan.  12.... 

I>o.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Tm  3. 

Jan.  22 

Do.... 
Do.... 


Weiriit 

MethaiiB 
and 

cbargB. 

ethane. 

Ormnu. 

Percent. 

226 

8.42 

226 

8.21 

226 

7.88 

226 

7.87 

226 

8.20 

226 

7.80 

226 

7.79 

226 

7.76 

226 

7.91 

226 

7.89 

226 
226 
226 

Result. 


No  imltkm. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  tenltkm. 
Do. 
Do. 


Date  (1912). 


Test  3— Con. 

Jan.  22 , 

Do 

Do 

.     Do 

Jan.  23 

Do 

Do 

TX8T  4. 

Jan.  19 

Do 

Do 

Do 

Do 


Weicht 

Methane 
and 

charge. 

ethane. 

Oranu. 

Percent. 

22» 
226 
226 

226 
226 
226 
226 

•  680 

4.26 

^    «680 

4.05 

*    a680 

3.92 

a680 

3.92 

a680 

4.13 

Result. 


No  isnition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  iisod. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 


Jan.  12 
Do 
Do 


Distance 

between 

spark  points. 


MUUmetere, 
16.55 
15.90 
16.20 


Peripheral 

speed  of  drum 

per  second. 


Meteri. 
44.5 
44.5 
44.5 


Rate  of 
detonation 
per  second. 


MeUr$. 
2,689 
2,799 
2,748 


Average  rate  of  detonation,  2,745  meters  (9,(XK)  feet)  per  second. 

Flahb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912;. 


Apr.  8. 
Do 
Do 


Heif^tof 
photograph. 


MiUimetere. 
14.50 
15.00 
14.00 


Height  Of 
flame. 


Inches. 
1&32 
1&95 
17.68 


Duration 
distance. 


MUUmeUrs. 
7.75 
5.25 
7.00 


Duration  of 
flame. 


MUUteconde. 
a388 
.262 
.350 


Average  height  of  flame,  18.32  inches. 
Average  duration  of  flame,  0.333  millisecond. 
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TESTS  OF  PBBMIS6IBLS  BXPLOSIVES. 


Impact  Test. 


Date,  March  2,  1912. 


Distance  of 
fall. 

Number  of 
•    trlalB. 

Resiilt. 

Diatanoe  of 
faU. 

Number  of 
trials. 

Remit. 

15 
18 
20 
25 
30 

3 
2 
2 

1 
1 

CtnttneUra. 

.  No  expIodOD.                         25 

Do.                                    20 

Do.                                    18 

Do.                                      16 

EzpJoaloiL                               17 

•* 

Explosion. 

dS; 

No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  17  centiineteia 
(6.69  inches). 

Explosion-bt-Influence  Test. 

Weight  of  each  cartridge,  146  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Reflolt,  upper 
cartridge. 

Date  (1912). 

Distance 
•epareting 
cartridges. 

ResQlt,  upper 
cartridge. 

Apr.  13 

Do 

Do 

InAea. 

6 

8 
7 

Exploded. 
Did  not  explode. 
Do. 

Apr.  13 

Do 

IfnAet. 

7 
7 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 

Theoretical  Maxdcuh  Pressttrb  Developed  in  Own  Volume,  as  DETBRMnrxD 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter'==l  kiiogram  per  square  centimeter. 


Date  (1912). 

Charge.a 

SpeeiAc 
gravity. 

Height  of 
curve. 

Prenore 
per  square 
centiineter. 

Cooling 
surlEkoe. 

prassim 
per  square 
centimater. 

Apr.  10 

Omma, 
219 
219 
219 
219 
219 
219 
219 
219 
219 

a92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 

mmmOera. 

3a  00 
3a  00 

3a  25 
27.00 
27.50 
27.50 
26.00 
26.00 
28.25 

KUogmmt, 
93.75 
93.75 
94.53 
84.38 
85.94 
85.94 
81.25 
81.25 
82.03 

A 

A 
A 
B 
B 
B 
C 
C 
C 

irOoffrawu. 

%o.v...... : 

94.01 

Do 

Do 

Do 

85w42 

Do 

Do 

Do 

81-51 

Apr.  11 

.   a  Including  19  grama  of  tbe  original  wrapper. 

P=1.911A-f-0.5B-1.411C=107.35  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        8=0.92.        W=219.0  grams. 


M: 


VPS 

w 


'6,765  kilograma  per  square  centimeter  (96,220  pounds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  or 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 

Date,  January  31,  1912.  OraoML 

Solid e.5 

Liquid  (water) 71. 0 

Gaseous 132*  6 


RESULTS  OF  TESTS. 
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Larob  Calories  Devbu>psd  9y  1  Kq^ooram  of  tsb  £xpix>9ivb. 
Chaige,  109.5  gramB.o 


Date  (1912). 

We^ht 
of  water. 

Rise  in 

tempera- 

tiare. 

Heat  deveU 
onedper 
kilogram. 

M«.T   6. 

KUoenuM. 
81.95 
81.95 
81.95 

1.126 
L170 
1.126 

Coloritff. 
953.6 

Do 

991.2 

Do 

953.6 

a  Indudlng  9.5  grams  of  the  original  wrapper. 

Average  laige  ealories  per  kilogram  of  explosive,  966.1. 

Compression  of  Small  Lead  Blocks. 
Cbaige,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Gompreflion. 

Apr.  9 

MmJbnuUr: 
63.25 
63.25 
63.25 

MOUmetert. 
49.25 
49.50 
49.25 

MiUimeUn. 
14.00 

^Do... :..:....: 

13.75 

Do 

1400 

Average  compression,  13.9  millimeters  (0.55  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


Apr.  10. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


CuifkeefM- 

meUn. 

63 

63 

63 


After 
shot. 


CubiecefUi- 

meten. 

326 

319 

318 


Expansion 

of  bore 

hole. 


CubkeerUi- 

metert. 

263 

256 

255 


Tempera- 
tare  of 
bkxsk. 


•C. 


15 
15 
15 


Average  expansion  of  hore  hole,  25^ cubic  centimeters  (15.74  cubic  inches). 

OOAUTB  NO.  2>D.  L. 

Explosive,  Coalite  No.  2-D.  L. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Potts  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  154  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.89. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum : 

Date,  October  28, 1910. 

Unit  swing  on  this  date,  3.15  inches. 

Weight  of  charge,  in  grams,  287,    287,    287. 

Swing,  in  inches,  3.40,    3.33,    3.30. 

Average  swing,  in  inches,  3.34. 

3.34  : 3.15  :  :  2.87  :  (271). 
Therefore  the  unit  deflective  chaige  of  Coalite  No.  2-D.  L.  is  271  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weiriit 
chaiqgB. 

Methane 

and 
ethane. 

Result. 

Date  (1010). 

Weiriit 
chuqge. 

Methane 

and 
ethane. 

Result. 

TlOT  1. 

Oct.  31 

Do 

Oranu, 
271 
271 
271 
271 
271 

2n 
2n 

271 
271 
271 

271 

2n 

271 

Per  cent. 
7.76 
7.90 
8.28 
8.04 
7.84 
7.97 
8.06 
7.86 
7.80 
7.87 

No  Ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  knltlon. 
Do. 
Do. 

Tmt3— (3on. 

Nov.  1 

Do 

Do 

Do 

Do 

Do 

Do 

TS8T4. 

Nov.2 

Do 

Do 

Do 

Do 

0mm*. 
271 
271 
2n 
271 
271 
271 
271 

a680 
a680 
(■680 
•680 
0680 

Percent. 

No  1  jmltlon. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Nov.  1 

Do. 

Do 

Do 

Do 

TX8T3. 

Nov.  1 

3.97 
8.99 
4.06 
4.07 
4.20 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Tone  18 
Do. 
Do. 


Distance 

between 

spark 

pointa. 


liUUmeten. 
19.96 
19.70 
19.16 


Peripheral 
speed  of 

drum  per 
second. 


Meien. 
44.0 
43.6 
44.0 


Rate  of 
detonatfton 
per  second. 


2. 
2, 


Average  rate  of  detonation,  2,237  meters  (7,340  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  fihn,  20  meters  i>er  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duratiaaof 
flame. 

June  7 

Mmimeteri. 
9.26 
8.26 
11.60 

Indtea. 
11.68 
10.42 
14.63 

MUUmden. 
4.60 
4.26 
6.00 

0.235 

Do 

.213 

Do 

.300 

Average  height  of  flame,  12.21  inches. 
Average  duration  of  flame,  0.246  milUsecond. 


BBSULTS  OF  TESTS. 
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Impact  Test. 


Date,  June  7, 1911. 

Dbtanceof 
fall 

Namber  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
10 
16 
18 
17 
16 

Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 

Do. 

CerUimelere. 
15 
14 
13 
13 
12 
11 

1 
1 
2 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 

(4.33  inches). 

Explo8ion-bt-Influbncb  Test. 

Weight  of  each  cartridge,  143  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

'Result,  Upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  29 

Do 

Do 

Do 

Indus. 
8 
6 
2 
4 

Did  not  explode. 

Do. 
Exploded. 
Did  not  explode. 

May29 

Junel 

Do 

Iwhes. 
3 
4 

4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Deteemined 

BT  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Cliaige.a 

Spedfto 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

(Tooling 
surfEMie. 

Average 

pressure 

per  square 

centimeter. 

MaT  29 

Orams. 
220 
220 
290 
220 
220 
220 
220 
220 
220 

0.80 
.89 
.89 
.89 
.89 
.89 
.89 
.89 
.89 

MitUmeters. 

21.75 

20.75 

21.50 

6  24.50 

625.25 

6  24.75 

624.50 

6  23.75 

624.50 

KHognms. 
67.97 
64.84 
67.19 
61.25 
63.13 
61.88 
61.25 
50.38 
61.25 

A 
A 

A 
B 
B 
B 
C 
C 
C 

KUografM. 

^-T^    x....... ....... 

Do 

66.67 

Do 

Do 

Do 

62.09 

Do 

May  31 

^^'_r  • ■ 

Do 

60.63 

Do 

a  Including  20  grams  of  the  original  wrapper. 

6  Indicator  sprmg,  0.4  millimeter i- 1  kilogram  per  square  centimeter. 

P=1.911A-f-0.5B— 1.411C— 72.W  kilograms  per  square  centimeter. 

Var  15,000  cubic  centimeters.        8=0.89.        W»220  grams. 

VPS 
Ms-^r7-a=4,424  kilograms  per  square  centimeter  (62,930  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Exblosive  and  20  Grams  of 

THE  Original  Wrapper. 


Date,  June  5,  1911. 
Solid 


[Analjrst,  A.  L.  Hyde.] 


Grams. 

8a  6 

Liquid  (water) 9. 7 

Gaseous .." 124.6 
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TESTS  OP  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Devblopbd  bt  1  Kilooram  of  the  Ezplosivb. 
Charge,  110.0  grams.a 


Date  (1911). 


May  31. 
Do, 
Do. 


Weight 
of  water. 


KUogranu. 
80.95 
80.95 
80.95 


Rise  in 
tempera- 
ture. 


0.701 


.701 


Heat  devel- 
oped 
kuoer 


lograzn. 


Qiiorie$. 
581.6 
579.1 
581.6 


a  Including  10  grams  of  the  original  ^Tapper. 
Average  large  calories  per  kilogram  of  explosive,  580.8. 

Compression  of  Small  Lbad  Blocks. 

Charge,  100  grains. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosiOD. 

Oompnaosian. 

June  15 - 

MiUimeUrf. 
63.25 
63.00 
63.25 

MilUnuUrt. 
56.75 
56.75 
56.75 

MUUmsUrM. 
6.50 

Do 

6.25 

Do 

6.50 

< 


Average  compression,  6.4  millimeters  (0.25  inch). 

Expansion  op  Bore  Hole  of  Travzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 


Mar.  25 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cubkcentir 

meUra. 

63 

63 

63 


After 
shot 


CvMcctntU 

meten. 

224 

220 

220 


Expansion 

or  bore 

hole. 


Cvbkcenii- 

nuttn. 

161 

157 

157 


Temperm- 
tureof 
block. 


•C. 


15 
15 
15 


Average  expansion  of  bore  hole,  158  cubic  centimeters  (9.64  cubic  inches). 

GOAUTB  NO.  9-K,  L.  F. 

Explosive,  Coalite  No.  2~M,  L.  F. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Potts  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174.5  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  by  sand,  1.01. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BBStJLTS  OF  TESTS. 
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Unit  deflective  change  as  determined  by  ballistic  pendulum: 

Date,  January  10,  1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  chaige,  in  grams,  810,     310,    310. 

Swing,  in  inches,  3.42,    3.55,    3.53. 

Average  swing,  in  inches,  3.50. 

3.50  :  3.40  :  :  310  :  (301). 
Therefore  the  unit  deflective  chaige  of  Coalite  No.  2-M,  L.  F.,  is  301  grams. 

Gas  and  Dust  Gallery  No.  1. 


Dftte  (1913). 


1. 

JaD.  16.... 

I>o.... 

Do.... 
Jan.  17.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

TBR3. 

JaiLM.... 
Do.... 
Do.... 


Weidit 

Methane 
and 

ethane. 

Oranw. 

Ptfreenl. 

301 

8.31 

301 

8.60 

301 

8.33 

301 

8.38 

301 

8.» 

301 

8.33 

301 

8.34 

301 

8.12 

301 

8.16 

301 

8.34 

301 
301 
301 

• 

Bflsolt. 


No  tenition. 
Do. 
Do; 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No 


ijodtlao. 
Do! 


Date  (1913). 


Test  3— Con. 


Jan.  24. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Test  4. 


Jan.  18. 
Do. 
Do. 
Do. 
Do. 


WeUht 

Methane 
and 

charge. 

ethane. 

Onmu. 

Percent. 

301 
301 
301 
301 
301 
301 
301 

O680 

4.00 

0680 

4.14 

0680 

8.99 

(1680 

4.04 

0680 

4.03 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Notamltion. 
Do. 
Do. 
Do. 
Do. 


•680  unoB  or  mora  was 


Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1913). 


11 
Do 
Do 


Dtetanoe 

between 

sparlc  points. 


MUUmeten. 
16.06 
16.70 
16.10 


PerlplwFal 

speed  of  dram 

per  second. 


MeUre. 
44.5 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


MeUn. 
2,778 
3,866 
3,795 


Average  rate  of  detonation,  2,811  meters  (9,220  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 


Height  of 
photogrq>h. 


Aw.  6. 
Do 
Do 


MUUmeUre, 
14.00 
\b.n 
14. 75 


Height  of 
flame. 


Inchet, 
17.68 
19.89 

18.  es 


Duration 
distance. 


MiUimetere. 
7.25 
7.00 
7.50 


Duration  of 
flame. 


MiUitecondi. 
0.362 
.350 
.375 


Avenge  height  of  flame,  18.73  inches. 
Avenge  duration  of  flame,  0.362  millisecond. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Date,  February  27, 1912. 


Impact  Test. 


Dbtanoeof 
faU. 

Number  of 
trials. 

Result. 

Distaooe  of 
fall. 

Number  of 
trials. 

Reemlt. 

CfiUimeUTi. 

CerUimeUr*. 

15 

No  exploBioii. 

19 

1 

Exploskm. 

20 

Do. 

18 

1 

No  exploskm. 

25 

Exploskm. 

18 

1 

23 

No  exploskm. 

17 

3 

No  exploskm. 

23 

Explosion. 

17 

1 

Exploskm. 

22 

Do. 

16 

1 

Do. 

21 

Do. 

15 

2 

Noexptoskm. 

20 

Do. 

16 

1 

Explomon. 

10 

2 

Noexidoskm. 

• 

U 

5 

No  exploskm. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 

(5.51  inches). 

£xflo8ion-bt-Influbngb  Test. 

Weight  of  each  cartridge,  162  grams. 


Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper  car- 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  oar- 

Apr.  4 

Do 

Do 

Do 

Apr.  6 

Ineket. 

3 
2 

1 
2 
3 

Did  not  exidode. 

Do. 
Exploded. 

Did  not  explode. 

Apr.  5 

Do 

Do 

Do 

Do 

Indua, 

3 

A 
5 
5 
5 

Exploded. 

Did  not  expkMle. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occrurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Apr.  8.. 

Do. 

Do. 

Do. 

Do. 

Do. 
Apr.  9.. 

Do. 

Do. 


Charge.a 

Spedflc 
gravity. 

Oramt. 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

216 

1.01 

215 

1.01 

Height  of 
curve. 


MWktneUrt. 
20.25 
21.00 
20.50 
20.00 
19.76 
20.00 
19.00 
19.50 
19.76 


Pressure 
per  square 
oanUnieter. 

Cooling 
surtece. 

KUagmmt. 

63.28 

A 

65.02 

A 

64.06 

A 

62.50 

B 

61.72 

B 

62.50 

B 

50.38 

C 

60.94 

C 

61.72 

C 

pressure 
per  square 
centimecflr. 


64.32 
flB.34 

00.88 


a  Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B~1.411C=68.42  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.01.        W=215  grams. 

VPS 
Me=— --=4,821  kilograms  per  square  centimeter  (68,570  pounds  per  square  inch). 

Products  of  GoifBUsrnoN  from  200  Grams  op  the  Explobiyb  and  15  Grams 

OF  THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  January  12, 1912.  Orama, 

Solid 70.1 

Liquid  (water) 4.  6 

Gaseous 124.4 


BESULTS  OF  TESTS. 
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Lakob  Calobies  Dsyblopbd  bt-1  Kilogram  of  thb  Ezflosivb. 
Charge,  107.5  grains,  a 


Date  (1912). 


llw.2. 
Do. 
Do. 


Weight 
of  water. 

Rise  in 
tempera- 
ture. 

KUoifnmt, 
8L95 
81.95 
81.95 

o!704 
.730 
.711 

Heat  devel- 
oped per 
kilogram. 


Caioriet. 
604.3 
626.9 
610.4 


a  Inclodlng  7^  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  613.9. 


Compression  op  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Date  (1912). 

Before 
exploeion. 

After 
explosion. 

Compression. 

Apr.  9- 

MiUimeterg. 
63.25 
63.26 
63.25 

Milttmetert. 
60.50 
60.75 
51.00 

Mmimden, 
12.75 

Do 

12.50 

Apr.  10 

12.25 

Average  compression,  12.5  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 


Charge, 

10  grams. 

Date  (1912). 

Volome  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  10 

CvbkeenH- 
metert. 
63 
63 
63 

Cvbkcenti- 
metert. 
226 
219 
223 

CvJMccenti- 
metert. 
163 
156 
160 

15 

Do 

15 

Do 

16 

Average  expanison  of  bore  hole,  160  cubic  centimeters  (9.76  cubic  inches). 

COALITB  NO.  3-X. 

Explosive,  (>oalite  No.  3-X. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  (Do. 

Physical  examination: 

Diameter  of  cartridge,  1\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  187  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  com. 

Consistency,  granular,  coarse,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVBS. 


Unit  deflective  dharge  as  determined  by  the  baUiatic  pendnltun* 
Date,  October  28,  1910. 
Unit  swing  on  this  date,  3.15  inches. 
Weight  of  chaise,  in  granw,     267,    267,    267. 
Swing,  in  inches,    3.07,    3.04,    3.09. 
Average  swing,  in  inches,  3.07. 

3.07  :  3.15  :  :  267  :  (274). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  3-X  is  274  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Wei^t 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

WeMit 
cfaarga. 

liethanB 

and 
ethane. 

MBMBH* 

Test  1. 
Oct.  31 

Cfranu. 
274 
274 
274 
274 
274 
274 
274 
274 
274 
274 

274 
274 
274 

Percent. 
8.15 
7.94 
8.12 
8.12 
7.88 
8.00 
8.03 
8.06 
8.02 
7.76 

No  le^ttkui. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Com. 

Nov.  2 

Do 

Do 

Do 

Do 

Do 

Do 

TB8T4. 

Nov.  2 

Do 

Do 

Do 

Do 

€hams. 
274 
274 
274 
274 
274 
274 
374 

arno 

"680 
aA80 
a680 
a«80 

^Tww  ^VH(» 

No  ignition. 

Do 

Nov.  1 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

TKST3. 

Nov.  1 

3w96 
4.05 
4.04 
4.15 
8.91 

Nobmdtlon. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Nov.  17 
Do. 
Do. 


Distance 

between 

spark  points. 


MVUmeUn. 
19.29 
19.80 
19.40 


Per^hefai 

speed  of  drum 

per  second. 


MtUrt. 
43.5 
43.0 
43.5 


Rate<^ 
detonation 
peraeomd. 


2,1T2 
2,242 


Average  rate  of  detonation,  2,223  meters  (7,290  feet)  per  second. 

Flamb  Tb8T. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Helgiht  of 
photogc^th. 

Height  Of 
flame. 

Duration 
distanot. 

Doiationof 
flaoMi 

Feb.  19 

MiOimdUn, 
5.25 
5.00 
3.50 

Indm. 

6.63 
6.32 
4.42 

1.50 
1.M 
LOO 

IflBiMCWMb. 
0.075 

Do 

.OA2 

Do 

.050 

Average  height  of  flame,  5.79  inches. 
Average  duration  of  flame,  0.062  millidecond. 


BESULTS  OF  TESTS. 
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Impact  Test. 


Date,  Junes,  1911. 


Distance  of 
lalL 

Nomber  of 
trials. 

R«8alt. 

Distance  of 

tan. 

Number  of 
trials. 

Result 

OenHmeten. 

ao 

16 
14 

1 
1 

1 

Explosion. 

Do. 
No  oxplosion. 

OtntiTneUra. 
15 
14 
13 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centime- 
ters (5.12  inches). 

Explo8ion-bv-Influbncb  Tbst. 

Weight  of  each  cartridge,  174  grams. 


Date  (1911). 

Dbtance 
separating 
cartridges. 

Result,  upper 
cartridge. 

1 
Date  (1011). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Junel 

Do 

Do 

Do 

Inches. 

6 
4 
2 
1 

Did  not  explode. 

Do. 

Do. 
Exploded. 

June  1 

Do 

Do 

Do 

Inches. 

2 
3 
3 
3 

Exploded. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occtirs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHEL  Pressure  Gaoe. 

iQdicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Data  (1911). 


Junes. 

Do. 

Do. 
June  2. 

Do. 

Do. 
Msy  31. 

Do. 

Do. 


Chaige.a 

Specific 
gravity. 

Omns. 

220 

1.10 

220 

1.10 

220 

1.10 

220 

1.10 

220 

1.10 

220 

1.10 

220 

1.10 

22b 

1.10 

220 

1.10 

Height  of 
curve. 


MUUmeters. 
26.50 
20.00 
25.75 
24.25 
24.00 
24.75 
23.00 
23.50 
23.50 


Pressure 
per  square 

1 
Cooling 

siirfft/^ 

centimeter. 

Kilograms. 

79.69 

A 

81.25 

A 

80.47 

A 

75.78 

B 

75.00 

B 

77.32 

B 

71.87 

C 

73.44 

C 

73.44 

C 

Average 

pressure 

per  square 

centimeter. 


80.47 
76.  (» 
72.92 


a  Including  20  grams  of  the  original  vrapper. 

P=1.911A-f0.5B~1.411C=88.91  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.08.        W=220  grams. 

VPS 
M~-=«- =6,547  kilograms  per  square  centimeter  (93,130  pounds  per  square  inch). 

W 

Products  of  Combustion  From  200  Grams  of  the  Explosive  and  20  Grams 

OF  THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  6,  1911 
Sohd 


Grams. 

44.2 

liquid  (water) 63.0 

Gaseous 116.2 


90 


TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  bt  1  Kilogram  op  the  Explosiyb. 
Charge,  110.0  graxns.o 


Date  (1911). 


May  31. 

Jonel. 

Do. 


Weight 
of  water. 

Rise  in 

temp«n^ 

ture. 

KUogmmt. 
80.95 
80.95 
80.95 

0.902 
.910 
.896 

Heat  derd- 
oped  per 
kJioKram. 


Coloraet. 
7fi0.JI 
757.4 
74&6 


o  Indadlng  10  grams  of  the  original  wrapper. 

Average  laige  calories  per  kilogram  of  explosive,  751.2. 

Compression  of  Small  Lead  Blocks. 
Chaige»  100  grams. 


Date  (19U). 


Height. 


Before 
explosion. 


May  22. 
Do. 
Do. 


MUUmeten. 
83.50 
68.50 
63.50 


After 
explosion. 


MUUnulert. 
51.25 
51.50 
51.50 


JAQfiMtey*. 
12.35 
12.00 
IZOO 


Average  compression,  12.1  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1911). 


Mar.  35. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


CvJbkeetM- 

metert. 

63 

63 

68 


After 
shot 


CtMecenU- 

meten. 

968 

270 

375 


E 


zpanakm 
01  bore 


hole. 


CuUccfntf- 

meUr*. 

305 

307 

213 


ture  of 
block. 


•C. 


16 
U 
15 


Average  expansion  of  bore  hole,  208  cubic  centimeters  (12.69  cubic  inches). 

COALZTB  NO.  8-ZA. 

Explosive,  Coalite  No.  3-XA. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  128  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  com. 

Consistency,  granular  with  white  crystals,  very  fine,  dry,  very  soft,  slightly 
cohesive. 


BBSULTS  OF  TK8TS. 
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Unit  deflective  change  as  detennined  by  the  ballistic  pendulum: 

Date,  April  10,  1911. 

Unit  swing  on  this  date,  2.93  inches. 

Weight  of  charge,  in  grams,  274,    274,    274. 

Swing,  in  inches,  2.78,    2.78,    2.67. 

Average  swing,  in  inches,  2.74. 

2.74  :  2.93  :  :  274  :  (293). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  3-XA  is  293  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weisht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Welcht 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Apr.  14 

Do 

Oranu. 
293 
293 
293 
208 
293 
293 
283 
293 
293 
293 

Oranu. 
298 
208 
293 

Percent, 
8.27 
8.00 
8.07 
8.07 
8.08 
8.10 
8.00 
8.21 
7.94 
7.97 

Percent. 

Ko  imition. 
DO. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  iimition. 
Do! 

Test  3— Con. 

Apr.  19 

Do 

Oranu. 
293 
293 
293 
293 
293 
293 
293 

Oranu. 
a680 
a680 
a680 
0680 

aeso 

Percent. 

No  iimition. 

Do 

Do 

Do. 

Apr.  15 

Apr.  20 

Do. 

Do 

Do 

Do. 

Do 

Do 

Do. 

Do 

Do 

Do. 

Do 

Do 

Do 

Test  4. 
Apr.  21 

Percent. 
3.98 
3.  W 
3.80 
3.96 
4.07 

No  tenition. 
Do. 

Tests. 

*^bo.:: 

Do 

Do. 

Apr,  19 

Do 

Apr.  22 

Do. 

Do 

Do. 

Do 

• 

•  680  grains  or  more  was  used. 
Rate  op  Detonation. 


Diameter  x>f  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Apr.  17 
Dd. 
Do. 


Distance 

between 

spark  points. 


Mmmeten. 
14.16 
14.56 
14.91 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
46.00 
46.25 
46.25 


Rate  of 
detonation. 


Jdetere. 

3,249 
3,177 
3,102 


Average  rate  of  detonation,  3,176  meters  (10,420  feet)  per  second, 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photognq>h. 

Height  of 
flame. 

Duration 
distance. 

thiration  of 
flame. 

7Aff  3 

MUlimetera. 
14.50 
18.25 
18.50 

Inches. 
18.32 
23.05 
23.87 

inUimetere. 
8.00 
6.25 
7.26 

MilUeecvnde. 
0.400 

Do 

.312 

Do 

.862 

Average  height  of  flame,  21.58  inches. 
Average  duration  of  flame,  0.358  millisecond. 

91868*^— BuU.  66—13 7 
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TESTS  OF  FEBMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  July  25, 1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result 

Distance  of 
falL 

Number  of 
trials. 

Result 

CefUimeUr$. 
16 
14 

1 
1 

Explosion. 
No  explosion. 

OenlimOers. 
15 

5 

No  explosion. . 

The  maximum  height  at  which  no  explosion  occurs  establLshed  at  15  centimeters 
(5.91  inches). 

Explosion-by-Influenc£  Tbst. 
Weight  of  each  cartridge,  150  grams. 


Date  (1912). 

Distance 
sepATating 
cartridges. 

1 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  18 

Do 

Inches. 

2 
1 

Did  not  explode. 
Exploded. 

Jan.  18 

Do 

Inches. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theobbtical  Maxdcum  Pressure  Deybloped  in  Own  Volume,  as  Determined 

BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter^l  kilogram  per  square  centimeter. 


Date  (1911). 


Nov.  21. 
Nov.  22. 

Do. 
Nov.  14, 

Do. 

Do. 
Nov.  15. 
Nov.  16. 

Do. 


Charge.^ 

Spedflc 
gravity. 

Orams. 

•x2l 

0.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

Height  of 
curve. 


MaUmeten. 
24.75 
24.50 
23.75 
23.25 
24.50 
23.75 
22.50 
22.50 
23.00 


Pressure 
per  square 
centimeter. 


KUogrnfM. 
77.34 
7«.56 
74.22 
72.66 
76.56 
74.22 
70.31 
70.31 
71.87 


Cocding 
surboe. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


pressure 

per  square 
centimeter. 


KUofranu. 
76.04 

74.48 

70.83 


o  Including  21  grams  of  the  original  wrapper. 

P=1.911A-t-0.5B— 1.4110=82.61  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.93.        W=221  grams. 

VPS 
Ms=-«^  =5,215  kilograms  per  square  centimeter. 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

the  Original  Wrapper. 


Date,  July  10,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Orams. 

10.1 

Liquid  (water) 63.5 


BBSVLT8  OF  TESTS. 
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LaBOE  CALOBUEd  DeVBLOPED  BY  1   KlLOGBAM  OF  THE  EXPLOSIVE. 

Chaige,  110.5  grams.o 


Date  (1911). 


Dec  20. 
Do. 
Do. 


Weight 
of  water. 


KUognmt. 
81.95 
81.95 
81.95 


Bisein 

temp«r»- 

ture. 


0.925 
.908 


Heat  devel- 
oped per 
kilogram. 


Calaritt. 
774.9 
740.2 
760.6 


a  Including  10.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  758.5. 

GOMFBESSIOK  OF  SlCALL  LeAD  BlOCKS. 

Charge,  100  graoiB. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

GomprasBion. 

Not.  3 

MUlimeteri, 
63.50 
63.50 
63.50 

MUUmeiert. 
48.75 
48.50 
40.00 

MUlimeten, 
14.75 

Do 

15.00 

Do 

14.50 

Average  compression,  14.8  millimeters  (0.58  inch). 

Expansion  of  Bobe  Hole  of  Tbauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Beftne 
shot. 

After 
shot. 

ture  of 
block. 

Jmi.  16        , _ 

Cubkeenti- 

mtUn, 

62 

62 

62 

CnhkufM- 

mtUn, 

274 

274 

272 

CvbkcenO- 

meten. 

212 

212 

210 

•c. 

SO 

Do 

17 

Do 

18 

^.verage  expansion  of  bore  hole,  211  cubic  centimeters  (12.87  cubic  inches). 

COAUTB  NO.  8-XB. 

Explosive,  Coalite  No.  a-XB. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  128  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.92. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous  with  white  crystals,  very  fine,  dry,  very 
softy  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  April  10,  1911. 

Unit  swing  on  this  date,  2.93  inches. 

Weight  of  charge,  in  grams,  293,    293,    293. 

Swing,  in  inches,  2.90,    2.95,    2.94. 

Average  swing,  in  inches,  2.93. 

2.93  :  2.93  :  :  293  :  (293). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  3-XB  is  293  grams. 

Gas  and  Dust  Gallery  No.  1. 


I 


Date  (1911). 

Weieht 
charge. 

Metham 

and 
ethane. 

Result. 

Date  (1011). 

Weidit 
chaifsB. 

Methane 

and 
ethane. 

Remi. 

Test  1. 

Apr.  15 

Apr.  17 

Do 

Chrams. 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 

293 
293 
293 

Percent. 
8.05 
8.11 
7.85 
8.13 
8.26 
8.08 
8.04 
8.16 
7.94 
8.07 

No  Imitlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

* 

Test  3— Con. 

Apr.  20 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  22 

May  17 

Do 

Do 

Do 

Oranu. 
293 
293 
293 
298 
298 
298 
293 

0680 

•  080 

•  680 

•  680 

•  680 

Per  cent. 

No  isnltioo. 
Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Apr.  20 

Do 

4.00 
4.08 
4.01 
4.00 
4.02 

NoimltiGQ. 

Do. 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 
Ratb  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Apr.  17 

Do. 

Apr.  18 


Distance 

between 

spark  points. 


MUUmeUra. 
13.70 
13.41 
12.70 


Peripheral 

speed  of  dram 

per  second. 


Mettn, 

40.75 
40.75 
4S.60 


Rate  of 
detonatioo 


S»412 
S,488 
8,425 


Average  rate  of  detonation,  3,441  meters  (11,290  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 


Sept.  11 
Do. 
Do. 


Height  of 
photograph. 


3£Ulimeten. 

5.75 

11.00 

5.75 


Height  of 
flame. 


7.26 

13.89 

7.26 


Duration 
distance. 


1.75 
4.50 
1.25 


Dorattonof 
flame. 


JflZHMeMtilt. 
0.875 
2.290 


Average  height  of  flame,  9.47  inches. 
Average  duration  of  flame,  1.25  milliseconds. 


BSSULT8  OF  TESTS. 
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Impact  Tb8t. 


Date,  July  25, 1911. 


Distance  of 
fekll. 

Number  of 
trials. 

Result 

Distance  of 
fall. 

Number  of 
trials. 

Result 

CtHthuten. 
10 
18 
22 

1 
1 

1 

No  ezplosloiL 

Do. 
EzphMion. 

CtnHmtUrt. 
21 
21 
20 

1 
1 
5 

No  explosion. 
Exploaon. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  20  centimeters 
(7.87  inches). 

Explo8Ion-by-Influbncb  Te8T. 
Weight  of  each  cartridge,  148  grams. 


Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  18 

Do 

/adket. 

2 
1 

Did  not  explode. 
Exploded. 

Jan.  18 

Do 

Inekei. 

2 
2 

Did  not  explode. 
Do.      ^^ 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 
Thborbtical  Maximum  Prbssurb  Dbtblopbd  in  Own  Volumb,  as  Dbtbrminbd 

BT  BiCHBL  PrBBSURB  GaOB. 

Indicator  spring,  0.32  millimetera>i  kilogram  per  square  centimeter. 


Data  (1911). 


Not.  9.. 
Not.  10. 

Do.. 

Do.. 

Do. 

Do.. 

Do.. 

Do.. 

Do.. 


enlarge.* 


Orams. 
220 
220 
220 
220 
220 
220 
220 
220 
220 


Speoiflo 
grayity. 


0.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 


Height  Of 
curve. 


MUBmeUra. 
37.00 
20. 2S 
20.50 
24.00 
24.00 
2S.00 
24.50 
24.00 
23.76 


Piessore 
per  square 
centimeter. 

Cooling 
surfMSS. 

JLUOUmM* 

84.87 

A 

82.08 

A 

82.81 

A 

75.00 

B 

75.00 

B 

71.00 

B 

70.66 

C 

76.00 

C 

74.23 

C 

Avsrage 

pressoro 

per  square 

centimeter. 


83.07 
73.97 
75.26 


a  Including  20  grams  of  the  original  wrapper. 

PaBl.911A+0.5B— 1.411C»89.54  kilograms  per  square  centimeter. 

Vs>  15,000  cubic  centimeters.        S«0.92.        W=220  grams. 

VPS 
M»c-^»5,617  kilograms  per  square  centimeter  (79,900  pounds  per  square  inch). 


pRODucrs  OF  Combustion  from  200  Grams  of  thb  Explosivb  and  20  Grams  of 

THB  Original  Wrappbr. 


[Analjrsty  A.  L.  Hyde.] 


Date,  July  11, 1911. 
Solid 


Orams. 

18.7 

Liquid  (water) 62. 5 

Gaseous 125. 1 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  bt  1  Kilogram  of  the  Explosivx. 
Charge,  110.0  grams.a 


Date  (1911). 


Dec.  2., 
Dec.  14. 
Dec.  27. 


Wejgfat 
of' 


KUogmm». 

81.05 
81.95 
81.95 


Bfaein 
temp«r»- 

tlBV. 


o!912 
.927 
.948 


Heat  dcfvel- 

01 


787.4 
780.1 
O 


a  Indudlng  10  gnms  of  tbe  original  wrapper. 
Average  laige  calories  per  kilogram  of  exploeive,  781.8. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
exploiion. 

After 
exploskm. 

CompnMWiuu. 

Nov.  2 

MUlimeUTM. 
63.50 
68.50 
68.50 

MilUmeteri. 
49.00 
48.76 
48.50 

MUHmeters. 
14.  SO 

Do 

14.75 

Do 

.   15-00 

Average  compression,  14.8  millimeters  (0.58  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaxge,  10  grams. 


Date  (1911). 


Sept.  12. 
Do.. 
Do.. 


Volume  of  bore  hole. 


Before 
shot. 


Cubfccenti- 

ttutert. 

63 

63 

63 


After 
shot 


Cubfceenii- 

ttuien. 

287 

296 

294 


Ezpanakm 

or  bore 

hole. 


OHMeeenli- 

IMtCTI. 

224 
235 
231 


tureof 
block. 


15 
U 
15 


Average  expansion  of  bore  hole,  230  cubic  centimeters  (14.03  cubic  inches), 

COALZTB  NO.  S-XC. 

Explosive,  Coalite  No.  a-XC. 

Class  la,  ammonium  nitrate,  containing  nitrogljrcerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  169  grains. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  ecru. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BB8ULTS  OP  TESTS. 
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Unit  deflective  charge  as  detennined  by  ballistic  pendulum: 

Date,  January  10,  1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  chaiige,  in  grams,  255,    255,    255. 

Swing,  in  inches,  3.50,    3.42,    3.48. 

Average  swing,  in  inches,  3.47. 

3.47  :  3.40  :  :  255  :  (250). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  3-XO  is  250  grams. 

Gas  akd  Dust  Gallery  No.  1. 


• 

Date  (1912). 

Welsht 
chaj^. 

Methane 
and 

ethane. 

Result. 

Date  (1912). 

Weicht 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Jan.  13 

Oranu. 
250 
250 
250 
250 
250 
260 
250 
250 
260 
250 

250 
250 
250 

Pereeni. 
8.21 
8.22 
8.00 
8.23 
8.50 
8.25 
8.14 
7.99 
7.92 
8.11 

No  ijmition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ienitian. 
Do. 
Do. 

Test  3— C'on. 

Jan.  23 

Do 

Do 

Do 

Jan.  24 

Do 

Do 

Test  4. 

Jan.  18 

Do 

Do 

Do 

Do 

Orams. 
250 
250 
250 
250 
250 
250 
250 

a680 
a680 
a660 
8680 
CI680 

PereenL 

No  Iffnitlon. 

Do 

Jan.  15 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  23 

4.20 
4.14 
4.07 
4.03 
4.00 

No  i|mitlQO. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Jan.  11.. 
Do- 
Jan.  12.. 


Distance 

between 

spark  points. 


muimetera. 
17.40 
17.60 
17.65 


Pffipheral 

speed  of  drum 

per  second. 


Meters. 
44.5 
44.0 
45.0 


Rate  of 
detonation 
per  second. 


Meters. 
2,557 
2,500 
2,550 


Average  rate  of  detonation,  2,536  meters  (8,320  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  8 

MiUimelers. 
13.50 
13.75 
13.50 

Inches. 
17.05 
17.37 
17.05 

MiUhneters. 
5.00 
6.00 
7.25 

MiUiseconds. 
0.250 

Do 

.300 

Do 

.362 

Average  height  of  flame,  17.16  inches. 
Average  duration  of  flame,  0.304  millisecond. 
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TESTS  OF  PEBMISSIBLB  EXPLOSIVES. 


Impact  Test. 


Date,  February  27,  1912. 


Dbtaixwof 
tell. 

Number  of 
trials. 

* 

Result. 

Distance  of 
foil. 

Number  of 
trials. 

Result. 

CerUimden. 
IB 
16 

1 

1 

No  exploeioo. 
Explaslon. 

CetUimetert, 
13 
14 

5 
6 

Noexplosiau. 
Da. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosiont-by-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Date  (1912). 

DiAtanoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartxldKc. 

Apr.  17 

Do 

Do 

Do 

Inches. 

6 
5 
4 
3 

Did  not  explode. 
Do. 
Do. 
Do. 

Apr.  17 

Do 

Do 

Do 

Itiekes. 

2 
2 

1 
2 

Did  not  explode. 

Da 
Exploded. 
Did  not  explode. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Thboretigal  Maximum  Pressure  Developed  in  Own  Volume,  as  Detbrminkd 

BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

(?harge.a 

Spediio 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
flarfBO& 

AvtfBCS 

preBBOTB 

per  square 

oentinneter. 

Apr.  10 

Grams. 
221 
221 
221 
221 
221 
221 
221 
221 
221 

0.93 
.93 
.93 

.gs 

.93 

.gs 

.93 
.93 
.93 

nmhiuUrs. 
27.25 
27.25 
27.25 
25.50 
26.50 
25.75 
27.00 
27.75 
27.00 

KOomms. 
85.16 
85.16 
85.16 
79.09 
82.81 
80.47 
84.38 
86.72 
84.38 

A 
A 

A 
B 
B 
B 
C 
C 
C 

KOogmmM. 

Do...:::::::.: : 

85.16 

Do 

Apr.  9 

Do::::::::::::::::::..:::::::::. 

80.90 

Do 

Do 

Do 

85.16 

Do 

a  Including  21  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C»83.08  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=»0.93.        W=221.0  grams. 

VPS 
Ms=-_-r  s5^244  kilograms  per  square  centimeter  (74,590  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosiyk  and  21  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 

Date,  January  31,  1912.  Gnana. 

Solid 10.8 

Liquid  (water) <I9.  O 

Gaseous 129.  8 


BESULTS  OF  TESTS. 
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Laboe  Calories  Developed  bt  1  Kilooeam  of  the  Ezplosivb. 
Chaige,  110.5  graxns.o 


Date  (1012). 


Mar.  5. 

Do. 

Mar.  6. 


Weight 
ofwat«r. 

Rise  in 

tempenk 

tura. 

KUof/mmi. 
81.06 
81.05 
81.06 

•c. 

1.206 
1.316 
1.846 

Heat  dflval" 
opedper 
kllograiii. 


1,068.0 
1,106.8 
1,181.1 


a  Including  10.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  the  explosive,  1,108.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Bate  (1012). 

Before 
exploafon. 

After 

explosion.' 

Comprefliion. 

Apr.  0 

Mmimelen. 
63.60 
63.60 
63.26 

Jimimeter». 
61.26 
61.00 
6a76 

MUUmeteri. 
12.26 

Do 

12.60 

Do 

12.60 

Average  compression,  12.4  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1012). 


Apr.  10. 
Do. 
Do. 


Volume  of  bore  bole. 


Before 
shot. 


CubkeenH- 
metert. 
63 
68 


After 
shot 


CubleeefM' 

metert. 

817 

810 

800 


E 


zpanaion 
(Hbore 


bole. 


OubkeenH- 

meUre. 

264 

247 

246 


Tempera- 
ture of 
block. 


C. 


16 
15 
15 


Average  expansion  of  bore  hole,  249  cubic  centimeters  (15.19  cubic  inches). 

COAL  SPECIAL  NO.  2-W. 

Explosive,  Coal  special  No.  2-W. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Keystone  National  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8|  inches. 

Average  weight,  179  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  detennined  by  the  ballistic  pendulum: 

Date,  October  13,  1910. 

Unit  swing  on  this  date,  3.28  inches. 

Weight  of  charge,  in  grams,  290,    290,    290. 

Swing,  in  inches,  3.35,    3.45,    3.52. 

Average  swing,  in  inches,  3.44. 

3.44  :  3.28  :  :  290  :  (277). 
Therefore  the  unit  deflective  charge  of  Coal  special  No.  2-W  is  277  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weieht 
charge. 

Methane 
and 

ethane. 

Result. 

Test  1. 
Oct.  13 

Grams. 
277 
277 
277 
277 
277 
277 
277 
277 
277 
277 

277 
277 
277 

Percent. 
7.83 
7.80 
7.81 
7.05 
7.04 
8.04 
7.80 
7.92 
7.02 
7.92 

No  famltion. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Oon. 

Oct.  18 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct.  20 

Do 

Do 

Do 

Do 

Oramt. 
277 
277 
277 
277 
277 
277 
277 

a680 
0680 
a680 
0680 
0680 

Pereeml. 

No  ignlUon. 
Do. 

Do 

Do 

Do. 

Oct.  14 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Oct.  18 

3.96 
3.96 
4.16 
4.04 
4.13 

Noipilttai. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  \\  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


oct.ao 

Oct.  26 
Do 


Dbtance 

between 

spark  points. 


MUlinuter». 
12.40 
12.30 
12.33 


Peripheral 

speed  of  drum 

per  second. 


MeUn. 
43.5 
43.5 
43.5 


Rate  of 
deUmatioii 
per  second. 


Metert. 
3,508 
8,fiS7 
8,667 


Average  rate  of  detonation,  3,534  meters  (11,590  feet)  per  second. 

Flame  Tbbt. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
dbtanoe. 

Duration  of 
flame. 

JqifA  6,  -  -  ^  - - - 

mmmtUr*. 
14.25 
16.00 
13.00 

Jneke». 
18.00 
20.21 
16.42 

JfittteMter*. 
6.75 
6.00 
5.75 

0.288 

Do 

.900 

Do 

.288 

Average  height  of  flame,  18.21  inches. 
Average  duration  of  flame,  0.292  millisecond. 


KBSULTS  OF  TESTS. 
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Date,  May  19, 1911. 


Impact  Test. 


Distance  of 
fftlL 

Number  of 
trials. 

Result. 

DiBtanoe  of 
fiftil. 

Number  of 
tiials. 

Result. 

Oeniim€Ur$. 

20 

12 

8 

1 
1 
1 

Explosion. 

Do. 
No  explosion. 

CenUmeter*. 
10 
11 

1 
5 

No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Ezplo8IOn-bt-Influengb  Test. 

Weight  of  each  cartridge,  174  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

t 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  13 

Do 

Do 

May  15 

Do 

Do 

Inches. 

8 
6 

4 
5 
6 
7 

Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 
Did  not  explode. 

May  16 

Do 

Do 

Do 

Do 

Do 

Incha. 

7 
8 
8 
9 
9 
9 

Exploded. 

Did  not  explode. 

Exploded. 

Did  not  explo<le. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


May  10. 

Do. 

Do. 
May  11. 

Do. 

Do. 

Do. 

Do. 

Do. 


C!harge.a 

Specific 
gravity. 

Height  of 
curve. 

Oram*. 

MmimOert. 

214 

1.08 

26.50 

214 

1.08 

25.75 

214 

1.08 

25.75 

214 

1.08 

23.50 

214 

1.06 

24.00 

214 

1.06 

23.75 

214 

1.08 

24.00 

214 

1.08 

23.75 

214 

1.08 

24.25 

PreBBure 
per  square 
centimeter. 

Cooling 
surliBce. 

KUogravu. 

63.75 

A 

6138 

A 

64.38 

A 

58.75 

B 

60.00 

B 

60.38 

B 

60.00 

C 

60.38 

C 

60.62 

C 

Average 

pressure 

per  square 

centimeter. 


KUoffranu. 
64.17 

60.38 

60.00 


a  Including  14  grams  of  the  original  wrapper. 

P«1.911A+0.5B-1.411C»67.66  kilograms  per  square  centimeter. 

V=  15,000  cubic  centimeters.        S=1.08.        W=214  grams. 

VPS 
M=:=-^nr-  =5,122  kilograms  per  square  centimeter  (72,860  pounds  per  square  inch). 

Products  of  Combustion  From  200  Grams  of  thb  Explosivb  and  14  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  May  24, 1911. 
SoUd 


Grams. 

69.0 

Liquid  (water) 9. 4 

Gaseous 121.8 
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TESTS  OF  PEBMISSIBLB  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  of  the  Ezplosiyb. 
Chaige,  107.0  gram8.<> 


Bate  (1911). 


Ite7  24. 

May  35. 
Do. 


Weight 
of  water. 


JiUoonma. 
80.05 
8a  05 
80.05 


Rise  in 

tempera* 

ture. 


o'su 

.806 
.807 


Oiforiet. 
603. 1 
688.8 

668.0 


o  Including  7  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  690.5. 

Compression  of  Small  Lead  Blocks. 

Chaige,  100  grams. 


Height. 

Date  (1011). 

Before 
explotkA. 

After 
exploafcm. 

Oomprwiiaii. 

May  20 

MUUmeUrt. 
63.60 
63.50 
63.60 

liUUmeUrM. 
47.75 
47.75 
47.75 

liUUmtUn. 
15b  75 

Do 

1&75 

Do 

15.75 

Average  compression,  15.8  millimeters  (0.62  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  borB  hole. 

Bnandon 
olhon 

Tempeva- 

Date  (1911). 

Before 
shot 

After 
shot. 

tureof 
block. 

Mar.  2? 

OubkeenH- 

meUr*. 

68 

63 

68 

CubleeenU- 

meUn. 

220 

218 

220 

(hMecenO- 

157 
155 
157 

•a 

16 

Do 

1ft 

Do 

15 

Average  expansion  of  bore  hole,  156  cubic  centimeters  (9.52  cubic  inches). 

COAL  SPECIAL  NO.  8^. 

Explosive,  Coal  special  No.  3-C. 

Class  4,  Nitroglycerin. 

Manufiictured  by  the  Keystone  National  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  185  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.12. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine^  dry,  soft,  moderately  cohesive. 


RESULTS  OF  TESTS. 
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Unit  deflective  chaige  as  detennined  by  the  ballistic  pendulum: 

Date,  November  3, 1909. 

Unit  swing  on  this  date,  3.06  inches. 

Weight  of  chaige,  in  grams,  300,    300,    300. 

Swing,  in  inches,  3.19,    3.17,    3.22. 

Average  swing,  in  inches,  3.19. 

3.19  :  3.06  ::  300  :  (288). 
Therefore  the  unit  deflective  chaige  of  Goal  special  No.  3-€  is  288  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1900). 

Weteht 
charge. 

Metliaiie 

sod 
etbane. 

Result. 

Date  (1909). 

Weicfat 
charge. 

Methane 

and 
ethane. 

Reeiilt 

Tsnl. 
Nov.  6 

Grams. 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 

288 

288 
288 

Percent. 
8.20 
8.20 
8.20 
8.43 
8.43 
8.20 
8.20 
8.20 
8.43 
8.43 

Noiniltfcm. 
Do. 
Do. 

Do.       • 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

NoisnUion. 
Do. 

Test  3— Coo. 

Nov.8 

Do 

Do 

Do 

Do 

Do 

Do 

TKn4. 

Nov.8 

Do 

Nov.9 

Do 

Do 

Grams. 
288 
288 
288 
288 
288 
288 
288 

a680 
aOSO 

•  680 
a680 

•  680 

Percent. 

No  bmition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

KoT.e 

Do 

Do 

Tut  8. 

Hor.% 

3.77 
3.96 
3.96 
4.07 
4.13 

Noimition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1909). 


Nov.  5. 

Do. 

Nov.  6. 


Distance 

between 

spark  points. 


MUUmeters. 
14.11 
14.72 
14.51 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meters, 

3,047 
2,921 
2,963 


Average  rate  of  detonation,  2,977  meters  (9,760  feet)  per  second. 

Flame  Test. 


Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Heieht  of 
ilame. 

Duration 

Duration  of 
flame. 

Sept  21 

MUUmeters. 
12.25 
12.60 
11.25 

Inches. 
15.47 
15.79 
14.21 

Mimmeters. 
4.75 
4.75 
4.50 

MUUseeonds. 
0.288 

Do 

.238 

Do 

.226 

Average  height  of  flame,  15.16  inches. 
Avenge  duration  of  flame,  0.234  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  June  24,  1910. 


Distanoeof 
flilL 

Number  of 
trials. 

Result. 

Distance  of 

Number  of 
trials. 

Result. 

OmUmeteran 
20 
22 
24 
20 
25 
25 

No  explosion. 

Do. 

Do. 
Explosion. 
No  explosion. 
Explosion. 

CenUnuUrt, 
24 
22 
22 
21 
21 
.  20 

1 
1 
1 
2 
1 
4 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  20  centimeteiB 

(7.87  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  180  grams. 


Date  (1910). 

Distance 
separating 
cartrldgee. 

Result,  upper 
cartridge. 

^ate  (1910). 

Distance 
separating 
cariiidges. 

Result,  upper 
cartridge. 

July  16 

Do 

Inches. 

10 
9 

Did  not  explode. 
Exploded. 

JulyW 

July  18 

Indus. 

10 
10 

Did  not  explodei 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.4  millimeter^l  kilogram  per  square  centimeter. 


Date  (1910). 


June  16. 

Do.. 

Do.. 
Sept  14. 

Do.. 
Sept  16. 

Do.. 

Do.. 
Sept.  24. 


Gharge.a 

Specific 
gravity. 

Orams. 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 

surface. 


MUHmelers. 
27.00 
26.75 
27.00 
26.25 
25.50 
25.50 
24.50 
25.00 
25.25 


KHognms. 

67.60 

A 

66.88 

A 

67.50 

A 

66.62 

B 

63.76 

B 

63.76 

B 

61.26 

C 

62.50 

C 

63.12 

c      1 

Average 

preflsure 

per  square 

centimeter. 


jniQ^rsiM. 
67.29 

64.37 

62.29 


a  Including  13  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=72.88  kilograms  per  square  centimeter. 

V==  15,000  cubic  centimeters.        S«1.12.        W==213  grams. 

VPS 
M=-^fr?-  —5,748  kilograms  per  square  centimeter  (81,760  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  thb  Explosivb  and  13  Grams  of 

THE  Original  Wrapper. 


Date,  June  22,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Orams. 

79.8 

Liquid  (water) 13. 2 

Gaseous , , , lis.  8 


BESULTS  OF  TESTS. 
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Large  Caloribs  Developed  by  1  Kilogram  of  thb  Explosiye. 
Chaige,  106.5  grams.a 


Date  (1910). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devnl- 
oped  per 
kuogram. 

June  13 

kilogroms. 
81.96 
81.06 
81.96 

•c. 

0.773 
.796 
.776 

CaloHet. 
670.6 

June  14 

69a8 

Do 

672.3 

a  Including  6.5  grains  of  the  original  wrapper. 
Avenge  lai^  calories  per  kilogram  of  explosive,  677.9. 

Compression  of  Small  Lead  Blocks. 
Chai^ge,  100  grams. 


Height. 

Date  (1910). 

Before 
explosion. 

AfUq- 
explosion. 

Compression. 

Ifar  12. 

MOUnuter*. 
68.00 
63.00 
63.00 

MOUmeUn. 
61.00 
61.00 
60.76 

Mmimetnt. 
12.00 

Do 

12.00 

Do 

12.25 

Average  compression,  12.1  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  hon  hole. 

Expansion 

or  bore 

hole. 

Tempera- 

Date (1010). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

June  2 

CuMeeenti- 

63 
63 
63 

Cubk  eenti- 
mtter*. 
226 
213 
223 

CvMeeetai- 

163 
160 
160 

•<7. 
16 

Do 

16 

Do 

16 

Average  expansion  of  bore  hole,  158  cubic  centimeters  (9.64  cubic  inches). 

COLLIBB  POWDEB  B,  N.  F. 

Explosive,  Collier  powder  B,  N.  F. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Mannfactured  by  the  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  168  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.99. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  moderately  cohesive. 
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TESTS  OF  PEBBflSSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  detennined  by  balliirtic  pendulum 

Date,  January  2,  1913. 

Unit  owing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  230,    230,    230. 

Swing,  in  inches,  3.51,    3.43,    3.52. 

Average  swing,  in  inches,  3.49. 

3.49  :  3.40  :  :  230  :  (224).  ' 
Therefore  the  unit  deflective  charge  of  Collier  powder  B,  N.  F.,  is  224  gtams. 

Gas  and  Dust  Gallery  No.  1. 


i 


Date  (1913). 

Weisht 
charge. 

Methane 

and 
ethane. 

Result 

Date  (1913). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result. 

TinL 
Jin.0 

Cfnwu, 
224 
224 
224 
224 
224 
224 
224 
224 
224 
224 

224 
224 
224 

Percent. 
7.88 
7.94 
8.13 
7.90 
8.03 
8.24 
8.10 
7.99 
7.81 
7.70 

NoJcnltlon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Nolcnltkm. 

DO. 

Do. 

Test  I— Con. 

Jan.  10 

Do 

Jan.  11 

Do 

Do 

Do 

Do 

Tut  4. 

Jan.  8 

Do 

Do 

Do 

Do 

Oram». 
224 
224 
224 
224 
224 
224 
224 

aoao 

a680 
a680 
a680 
•080 

PercenL 

Noienitloii. 
Do. 

Jan.  7 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

TI8T3. 

Jan.  10 

3.93 
4.11 
4.00 
3.99 
3.94 

Noimltlon. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

aOOO  grama  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1913). 


Jan.  7. 
Jan.  8. 
Jan.  14 


Distance 

between 

spark  pofaits. 


MUUmeUrt. 
12.60 
12.40 
12.75 


PerlplMnd 

speed  of  drum 

per  second. 


MeUrt. 
42.0 
42.0 
42.0 


de 


Rate  of 


8,383 
8,387 
3,204 


Average  rate  of  detonation,  3,338  meters  (10,950  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1013). 

Height  of 
photograph. 

1 
Height  of  ,   Duration 
flame.     ;  distance. 

Duration  of 
ilame. 

Feb.  20 

MUUmeUn. 
10.60 
9.75 
10.60 

13.20 
12.32 
13.20 

Ummelert. 
0.25 
0.50 
0.75 

IfTfffiffnads 

0.S13 

Do 

Do 

>388 

Average  height  of  flame,  12.95  inches. 
Average  duration  of  flame,  0.325  millisecond. 


BESULTS  OF  TESTS. 
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Impact  Tbbt. 


Date,  March  4,  1913. 


Distance  of 
faU. 

Number  of 
triBlB. 

Result. 

Distance  of 

Number  of 
trials. 

Result. 

CenUmeters. 
30 
38 
34 
36 
37 
37 
36 
36 

No  explosioii. 
Explosion. 
No  explosion. 

Do. 

Do. 
Explosion. 
No  explosion. 
Explosion. 

Centimeters. 
35 
35 
34 
33 
33 
32 
32 
31 

3 
1 
1 
2 

1 
3 
1 
5 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  Tnaximiim  height  at  which  no  explosion  occurs  established  at  31  centimeters 
(12.20  inches). 

Exflosion-by-Influencb  Test. 

Weight  of  each  cartridge,  159  grams. 


Date  (1913). 

Distance 
separating 
oaitrldges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.» 

Do 

Indus. 

4 
3 

Did  not  explode. 
Exploded. 

Feb.  26 

Do 

Inches. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Thborbtical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.24  millimeter=>l  kilogram  per  square  centimeter. 


^  Date  (1913). 

Charge.^ 

Speciiic 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  14.: 

Grams. 
217 
217 
217 
217 
217 
217 
217 
217 
217 

0.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 

MiUimeters. 
23.25 
22.75 
23.25 
22.75 
22.75 
22.75 
22.00 
22.50 
22.25 

Kilograms. 
96.88 
94.79 
96.88 
94.79 
94.79 
94.79 
91.67 
93.75 
92.71 

A 
A 
A 
B 
B 
B 
C 
C 
C 

KOograms. 

Fsb.  15 

96.18 

Do 

Do 

Feb.  18 

94.79 

Do 

Do 

Do 

92.71 

Do 

a  Including  17  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C— 100.38  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.99.        W=217  grams. 

VPS 

M~-^|7-a6,869  kilograms  per  square  centimeter  (97,700  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

THE  Original  Wrapper. 


Date,  January  16, 1913. 
Sohd 


[Analyst,  A.  L.  Hyde.] 


Grains. 

21.2 

Liquid  (water) 59.5 

Gaseous 129.5 

91853**— Bull.  66—13 8 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  of  the  Explosivb. 
Charge,  108.5  grams.^i 


Date  (1913). 


Feb.  14. 

Feb.  15. 

Do. 


Weii^t 
of  water. 


KUognm*. 
81.96 
81.96 
81.95 


Rise  in 
tempera- 
ture. 


1.185 
1.139 
1.119 


Heat  devel- 
oped per 
kOogiam. 


Oatartea. 
970.1 
973.6 
966.4 


a  Induding  8.5  grams  of  the  origizial  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  966.7. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1913). 

Before 
explosion. 

Aft^T 

explosion. 

CkimpreflBioiL 

Feb.  25 

«3.50 
63.50 
63.50 

umimtters. 
49.00 
49.50 
49.60 

JfiBimetrrr. 
14.50 

Do 

14.00 

Mar.  18 

14.00 

Average  compression,  14.2  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  of  Traxjzl  Lead  Blocks. 
Charge,  10  grams. 


V  olume  of  bore  hole. 

Expan-slon 

or  bore 

hole. 

Tempera- 

Date (1918). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  5 

Cubkeenti- 
tneten. 
63 
63 
63 

CuhiccentU 
meUn. 
315 
310 
306 

mHm. 
352 
247 
242 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  247  cubic  centimeters  (15.07  cubic  inches). 

COLLIEB  POWDER  KN. 

Explosive,  Collier  powder  KN. 
ClasB  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  137  grams. 

Two  inches  of  one  end  of  cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.99. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BE8ULTS  OF  TESTS. 
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Unit  deflective  chaige  as  determined  by  baUistic  pendulum: 

Date,  June  3,  1912. 

Unit  swing  on  this  date,  3.27  inches. 

Weight  of  charge,  in  grams,  225,    225,    225. 

Swing,  in  inches,  3.32,    3.36,    3.26. 

Average  swing,  in  inches,  3.31. 

3.31  :  3.27  :  :  225  :  (222). 
Therefore  the  unit  deflective  charge  of  Collier  powder  KN  is  222  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weisht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Wcleht 
ofaarge. 

Methane 
and 

ethane. 

Result. 

Tmt  1. 
Jane  4 

Oramt. 
222 
222 
222 

za 

222 
222 
222 
222 
222 
222 

222 
222 
222 

Percent, 
8.21 
7.81 
8.12 
8.08 
7.94 
8.37 
8.00 
7.79 
8.32 
8.27 

No  teDition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignltinn. 
Do. 
Do. 

Test  S— Con. 

Jane  6 

Do 

Do 

Do 

Do 

Do 

Do 

Tsar  4. 

Junes 

June  6 

Do 

Do 

Do 

Oranu. 
222 
222 
222 

222 
222 
222 
222 

0680 
0680 
a(W0 
1680 
a680 

Percent, 

Notniitlon. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Jane  ff^  . 

Do. 

Do 

Do 

Do 

Test  3. 

Jane  6 

4.17 
4.07 
4.18 
4.18 
4.07 

Nokmition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


June?. 
Do 
Do 


Distance 

between 

spark  points. 


liUHmetere. 
12.35 
12.75 
12.35 


Peripheral 

speed  of  drum 

per  second. 


Meter*. 
44.0 
44.5 
44.0 


Rate  of 
detonation 
per  second. 


Metere. 
3,568 
3,490 
3,563 


Average  rate  of  detonation,  3,639  meters  (11,610  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Sept.  5. 

Sept.  13 

Do. 


Height  of 
photograph. 


MUUmelers. 
4.50 
6.50 
8.50 


Height  of 
flune. 


Jnekea. 
5.68 
8.21 
10.74 


Duration 
dLitance. 


MWimetere. 
1.25 
1.50 
1.50 


Duration  of 
flame. 


MnUteoomdM. 
0.062 
.075 
.075 


Average  height  of  flame,  8.21  inches. 
Avenge  duration  of  flame,  0.071  miUisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Impact  Tbbt. 


Date,  August  20,  1912. 


Distance  of 
faSL 

Number  of 
trials. 

Rewlt 

DIstuiee  of 
ML 

Number  of 
trials. 

BeaolL 

CeiUimtUrt. 
40 
20 
30 
27 

1 
1 
1 
1 

Ezplosioii. 
No  exploskm. 
ExploslQD. 
Do. 

CenlimeUri. 
20 
25 
24 

1 
1 
5 

No  expftoskm. 

The  maximum  height  at  which  no  explosion  occurs  established  at  24  centimetera 
(9.45  inches). 

Explo8ion-bt-Influbncb  Test. 

Weight  of  each  cartridge,  159  grams. 


Date  (1912). 

separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1012). 

Distance 
separating 
cartridges. 

«sfessr 

8ept.9 

Do 

Inchet. 

3 

4 

Exploded. 

Did  not  explode. 

SeptO 

Do 

Inches, 

4 
4 

°"5!?"**- 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theorbtigal  Maximum  Prbssure  Developed  in  Own  Volume,  as  Determinkd 

BY  BiCHBL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter^l  kilogram  per  square  centimeter. 


Date  (1912). 


Aug.  26. 

Do. 
Aug.  27. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Charge.' 


Qnnu. 
216 
216 
216 
216 
216 
216 
216 
216 
216 


Specific 
gravity. 


0.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 


Helsihtof 
curve. 


HmfmeUn. 
32.75 
33.75 
33.50 
30.00 
30.25 
29.75 
29.25 
29.50 
30.50 


Presmre 
per  square 
centimeter. 


KOoami 

102.34 

105.47 

104.60 

03.75 

94.58 

92.97 

91.41 

92.19 

95.31 


(Coding 


A 
A 

A 
B 
B 
B 
C 
C 
C 


persqiutt« 


104.17 
9S.75 
92.97 


•  Including  16  grams  of  the  original  wrapper. 

P=1.911A+0.5B— 1.4110=114.76  kilograms  per  square  centimeter. 
V=15,0(X)  cubic  centimeters.        8=0.99.        W=216  grams. 

VPS  * 

M=-«»>=7,890  kilograms  per  square  centimeter  (112,220  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Ezflosive  and  16  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  13,  1912. 
Solid 


Grama. 

4.0 

Liquid  (water) 71. 5 

Gaseous 126.0 


BESULTS  OF  TB8TS. 


Ill 


Labob  Caloribs  Dbyelopbd  by  1  Kilogram  of  thb  Ezflosivb. 
Ghaige,  108.0  grams  a 


Date  (1013). 


Sept  33.. 

Do.. 

Sept.  35.. 


Weiicht 
of  water. 


RUogranu. 
81.05 
81.95 
81.05 


Rise  in 
tempera- 
ture. 


•C. 
1.350 
1.370 
1.339 


Heat  devel- 
oped per 
kuognun. 


Oaloriei. 
1,074.3 
1,099.4 
1,066.0 


a  Incloding  8.0  giams  of  the  original  wrapper. 
Avenge  large  calories  per  kilogram  of  explosive,  1,076.5. 

COMPRBSSION  OF  Sm ALL  LbAD  BlOCKS. 

Charge,  100  grams. 


Date  (1913). 


Sept.  33.. 

Do.. 

Sept.  34.. 


Height. 


Before 
explosion. 


83.35 
(8.35 
63.35 


After 
explosion. 


3iWimeter$, 
45.60 
45.00 
44.75 


Compression. 


JiUUmOen. 
18.35 
18.36 
18.50 


Average  compression,  18.3  millimeters  (0.72  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1913). 


Oct.  17. 

Do. 

Dec  17. 


Vohime  of  bore  bole. 


Before 
shot. 


CnbkcenH- 
meUri. 
63 
63 
63 


After 
shot. 


CuhkeerUi' 

836 
836 
338 


Expansfon 
of  bore 
bole. 


Cubkeentir 
nutert, 
374 
364 
365 


Tempera- 
ture of 
block. 


*C. 


15 
15 
15 


Average  expansion  of  hore  hole,  268  cubic  centimeters  (16.35  cubic  inches). 

COLUBK  POWDEK  NO.  X. 

Explosive,  Collier  powder  No.  X. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  148  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PEBMISS3LB  EXPLOSIVES. 


Unit  deflective  chaige  as  determmed  by  the  baUiBtic  pendulum: 

Date,  August  15,  1910. 

Unit  swing  on  this  date,  3.18  inches. 

Weight  of  chaige,  in  grams,  265,    265,    265. 

Swing,  in  inches,  3.04,    3.05,    3.18. 

Average  swing,  in  inches,  3.09. 

3.09  :  3.18  :  :  265  :  (273). 
Therefore  the  unit  deflective  chaige  of  Collier  powder  No.  X  is  273  grams. 

Gas  and  Duat  Gallery  No.  1. 


Date  (1910). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result 

Date  (1910). 

Wel£ht 
charge. 

Methane 

and 
ethane. 

Resalu 

Tmt  1. 

Aug.  18 

Do 

Oranu. 
273 
273 
273 
273 
273 
273 
273 
273 
273 
273 

273 
273 
273 

Percent. 
7.90 
8.06 
8.18 
7.90 
8.04 
7.90 
8.16 
8.05 
7.90 
8.25 

No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Imition. 
Do. 
Do. 

Test  3— Con. 

Aug.  19 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  22 

Aug.  23 

Do 

Do 

Aug.  27 

Orami, 
273 
273 
273 
273 
273 
273 
273 

a680 
a680 
a680 
•680 
•  680 

Percent. 

No  Umition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Aug.  24 

Do 

Do 

TRflT  3. 

Aug.  19 

4.10 
4.01 
4.10 
4.10 
4.05 

Nofamition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  uaed. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Aug.  24 
Aug.  30 
Aug.  31 


Distance 

between 

spark  points. 


Mittimeten. 
17.78 
18.78 
17.99 


Poripheral 

speed  of  dram 

per  second. 


MeUn. 
43.0 
43.5 
43.5 


Rate  of 
detonation 


2,418 
2,316 

2,418 


Average  rate  of  detonation,  2,384  meters  (7,820  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 


Mar.  13 
Do 
Do 


Height  of 
photc^ph. 


MiUimetert. 

9.00 

13.25 

11.00 


Height  of 
flame. 


Inches. 
11.37 
16.74 
13.90 


Duration 
distance. 


Mmimeter: 
4.00 
5.00 
4. 25 


Dnrationof 

flame. 


MUUMtennJM. 

o.aoo 


.213 


Average  height  of  flame,  14  inches. 
Average  duration  of  flame,  0.221  millisecond. 


&ESULT8  Ot  TegfS. 


lid 


I)ate,  February  1,  i9ll* 


Impact  Test. 


Distance  of 

fan. 

Number  of 
txials. 

Result 

Distance  of 
iaU. 

Number  of 
trials. 

itamili< 

OmUmitert. 
18 
17 

17 

1 
3 

1 

Explosion. 
No  explosion. 
Explosion. 

CentinuUri. 
16 
16 
15 

1 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 

Ezplosion-bt-Influencb  Test. 
Weight  of  each  cartridge,  171  grams. 


Date  (1911). 

Di.stance 
separating 
oartridi^es. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  11 

Do 

Do 

Inches. 

3 
2 
1 

Did  not  explode. 

Do. 
Exploded. 

Feb.  11 

Do 

Inches. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occtirs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  Bichel  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeteral  kilogram  per  square  centimeter. 


Date  (1911). 


Feb.  4,. 

Do. 
Feb.  6.. 

Do. 
Feb.  7.. 

Do. 
Feb.  6.. 

Do. 
Feb.  7.. 


Charge.^ 

Specific 
gravity. 

Qrams. 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

Height  of 
curve. 


MVHimtUrs. 
30.20 
30.50 
30.40 
28.75 
28.00 
28.75 
36.75 
27.25 
36.50 


Pressure 
per  square 
centimeter. 


Cooling 
surfiEK^ 


KUoffnms. 
94.40 
95.30 
95.00 

87.50 

83.59 
85.15 
82.81 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


KUogmnu. 
94.90 


[ 


89.06 
83.86 


a  Including  18  grams  of  the  original  wrapper. 

P==1.911A+0.5H— 1.4110=107.57  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.06.        W=218  grams. 


M=:! 


VPS 


: 7, 846  kilograms  per  square  centimeter  (111,000  pounds  per  square  inch). 


W 

Products  of  Combustion  from  200  Grams  of  the  Explosivb  and  18  Grams  of 

THB  Original  Wrapper. 


[Analyst,  A.  L.  Hjde.] 


Date,  September  12,  1910. 
Solid 


Grams. 

17.0 

Liquid  (water) 77.0 

Gaseous 103.3 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Larob  Calories  Dbyblopbd  bt  1  Kelooram  of  the  Explosivb. 
Ghaxge,  109.0  grams.<> 


Date  (1911). 

Weight 
of  water. 

Rise  in 

temper»> 

tnre. 

Hfatderel- 
ODedper 
kflogram. 

Feb.  8 

kUofranu. 
81.55 
81.55 
81.55 

•c. 

1.170 
1.137 
1.163 

Oatarie; 
mi  4 

Do 

883.3 

Do 

Ofi!L2 

a  Including  9  grams  of  the  original  wrapper. 
Average  large  calories  per  kil(^[ram  of  explosive,  980.0. 

CoifPRBSSiON  OF  Small  Lead  Blocks. 
Charge,  100  grains. 


Date  (1911). 


Jan.  24. 
Do. 
Do. 


Height. 


Before 
exploskm. 


MiOimeUn. 
63.75 
63.50 
63.50 


After 
explosion. 


MilUmetert. 
53.25 
52.00 
52.00 


Compression. 


II.  50 
11.50 
11.50 


Average  compression,  11.5  millimeters  (0.45  inch). 

Expansion  of  Borb  Hole  of  Trauel  Lead  Blooks. 
Charge,  10  grams. 


Date  (1911). 


Jan.  27. 
Do. 
Do. 


Volume  of  bore  hole. 


Bef(H« 
shot. 


Cithk  eentt- 
vuUrt. 
63 
63 
63 


After 
shot. 


Cubic  eefUi- 

metert. 

212 

200 

212 


ExpttDskui 

of  bore 

hole. 


CuMecentt- 
meUn. 
149 
146 
149 


tore  of 
block. 


*C, 


15 
15 
IS 


Average  expansion  of  bore  hole,  148  cubic  centimeters  (9.03  cubic  inches). 

COLIJEB  POWBEB  X,  L.  F.  . 

Explosive,  Collier  powder  X,  L.  F. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  173  grams. 

Only  one  end  of  cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  com. 

Consistency,  powdered  and  granular,  very  fine,  very  dry,  very  soft,  slightly 
cohesive. 


BB8ULT8  OF  TESTS. 
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Unit  deflective  chaige  as  detennined  by  the  ballistic  pendulum: 

Date,  December  28,  1911. 

Unit  swing  on  this  date,  3.42  inches. 

Weight  of  chaige,  in  grams,  250,    260,    250. 

Swing,  in  inches,  3.45,    3.43,    3.30. 

Average  swing,  in  inches,  3.39. 

3.39  :  3.42  :  :  250  :  (252). 
Therefore  the  unit  deflective  chaige  of  Collier  powder  X,  L.  F.,  is  252  grams. 

Gas  and  Dust  Gallbrt  No.  1. 


Date  (1911- 
12). 


Test  l. 

Dec  30.... 

Do.... 

Do.... 

Do.... 

Do.... 
JaiL2 

Do.... 

Do.... 

Do.... 

Do.... 

Tm2. 

Jan.  8 

Do..-. 
Do..-. 


Welsht 

Methane 
and 

cbargB. 

ethane. 

Granu, 

Percent. 

2G2 

8.21 

262 

&07 

2fi2 

&37 

252 

7.96 

2S2 

7.05 

262 

aoe 

262 

8.42 

262 

8.04 

262 

8.29 

282 

8.16 

262 
262 
262 

Result. 


No  isnition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Nolmition. 
Do. 
Do. 


Date  (1911- 
12). 

Weteht 

Methane 
and 

charge. 

ethane. 

Tbst  3— Con. 

Qmma. 

Percent. 

Jan.  8 

262 
262 
282 
262 
262 
262 
262 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan.6 

0680 

4.00 

Do 

0680 

8.85 

Jan.  6 

a680 

4.14 

Do 

a680 

4.01 

Do 

1680 

4.10 

Resalt. 


No  iimltion. 

Do! 
Da 
Do. 
Do. 
Do. 


No  Imition. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 

Ratb  of  Detonation. 


Diameter  of  cartridge,  \\  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Dec  20 
Do. 
Do. 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


umimeUn. 
14.50 
14.66 
14.50 


Metert. 

44.5 
44.5 
44.0 


Rate  of 
detonation 
per  second. 


MeUn, 

8,068 
8,038 
8,084 


Average  rate  of  detonation,  3,047  meters  (9,990  feet  per  second). 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

War  8 

mUimeUrt. 
9.00 
14.50 
14.00 

Jneket. 
11.37 
1&32 
17.68 

MmmeUrt, 
3.00 
4.50 
4.00 

MUUteamdM. 

a  150 

Do 

.225 

Do 

.200 

Average  height  of  flame,  15.79  inches. 
Average  duration  of  flame,  0.192  millisecond. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  February  26,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

1 

Result. 

Distance  of 
fall. 

Number  of 
triali. 

Result. 

Centimeters. 
15 
18 
20 
19 
19 
18 
18 
17 

~ 

No  explosion. 

Do. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Do. 

CenHmeters. 
16 
16 
•      15 
15 
14 
14 
13 

3 

No  explosion. 
ExptosiAn. 
No  explosion. 
Explosi<ni. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  exploBion  occurs  established  at  13  centimeters 
(5.12  inches). 

Explosion-by-Influenck  Test. 

Weight  of  each  oarlaridge,  171  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Dtstance 
separating 
cartridges. 

ResDlt,  upper 
cartridge. 

Apr.  4. 

Do 

Do 

Inches. 

3 
4 
5 

rxplodetl. 
Do. 
Do. 

1 

Apr.  4 

Do 

Do 

Inches. 

6 
6 
0 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge-o 


Apr.  5. 
Apr.  6. 

Do. 
Apr.  5. 

Do. 

Do. 
Apr.  4. 
Apr.  5. 

Do. 


Oranu. 
213 
213 
213 
213 
213 
213 
213 
213 
213 


1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 


Heigbt  of 
curve. 


Mmimeters. 
31.25 
31.50 
31.50 
28.50 
28.00 
28.75 
28.25 
28.75 
28.25 


Pressure 
per  square 
oentimeter. 


Kilograms. 
97.66 
98.44 
98.44 
80.06 
87.50 
89.84 
88.28 
89.84 
88.28 


Cooling 
surfiice. 


A 
A 
A 
B 
B 
B 
C 
C 
C 


Average 

pfossure 

per  square 

centimeter. 


EOogruns. 

98.18 

88.80 
8S.M 


o  Including  13  grams  of  the  original  wrapper. 

P=1.911A-|-0.5B-1.411C=106.73  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.06.        W=213.0  grams. 

VPS 
Ms-^^jT-  =7,967  kilograms  per  square  centimeter  (113,320  pounds  per  square  inch). 

PRomrcTs  OF  Combustiok  from  200  Grams  of  the  Exfloshte  and  13  Grams  op 

TEE  Original  Wrapper. 


Bate,  January  24,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

19.7 

Liquid  (water) 70. 0 

Gaseous 108. 5 


RESULTS  OF  TESTS. 
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Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 
Chaige,  106.5  grams.^ 


Date  (1912). 


ICar.  1. 
Mar.  2. 
Uar.  A. 


Weight 
of  water. 


kllogramn 
81.95 
81.95 
81.95 


Riwin 
tempera- 
ture. 


1.229 
1.225 
L240 


Heat  devel- 
oped per 
kilograin. 


Calories. 
1,070.9 
1,093.7 
1,088.4 


a  Inchiding  6.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,084.3. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


« 

Date  (1912). 

Height. 

Before 
explosion. 

Atter 
explosion. 

Compression. 

Mar.  28 

MUUmeien. 
63.50 
63.50 
63.50 

MiUimeUTS. 
48.75 
40.25 
49.00 

MiUimeten. 
14.75 

IK) 

14.25 

Do 

14.50 

Average  compression,  14.5  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


Feb.  23. 
Do. 
Do. 


Vohime  of  bore  hole. 

Expansion 

01  bore 

hole. 

Before 
shot. 

After 
shot. 

CuMe  eeiUi- 

meUT9. 

62 

62 

62 

CvMc  eenti- 

meUrg. 

240 

238 

246 

Cubkeenti- 

metert. 

178 

176 

184 

Tempera- 
ture of 
block. 


•C. 


15 
15 
15 


Average  expansion  of  bore  hole,  179  cubic  centimeters  (10.92  cubic  inches). 

COLUEB  POWDEB  NO.  5-L.  F. 

Explosive,  Collier  powder  No.  5-L.  F. 
Class  la,  ammaonium  nitrate,  containing  nitroglycerin. 
MonufiBctured  by  the  Keystone  National  Powder  Co. 
Physieal  examination: 

Diameter  of  cartridge,  H  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  151  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  chaige  as  detenmned  by  the  ballistic  pendulum: 

Date,  August  15, 1910. 

Unit  swing  on  this  date,  3.18  inches. 

Weight  of  chaige,  in  grams,  236,    236,    236. 

Swing,  in  inches,  3.26,    3.22,    3.23. 

Average  swing,  in  inches,  3.24. 

3.24  :  3.18  :  :  236  :  (232). 
Therefore  the  unit  deflective  chaige  of  Collier  powder  No.  5-L.  F.  is  232  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weifbt 
chfurgB. 

Methana 

and 
ethane. 

Result. 

Date  (1910). 

Wetebt 
charge. 

Methane 

and 
ethane. 

Result. 

TKm  1. 
Aug.  17 

Cframt, 
232 
232 
232 
232 
232 
232 
232 
232 
232 
232 

232 
232 
232 

Percent. 
7.90 
7.90 
7.84 
8.14 
7.85 
8.37 
8.10 
8.02 
7.99 
9.34 

No  ignition. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

TK8T  S-'Oon. 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  22 

Do 

Do 

Do 

Do 

Qramt. 
232 
232 
232 
232 
232 
232 
233 

•  680 
0  680 
0680 
a«80 
0680 

Percent* 

NoUmltiiui. 

Do 

Do 

Do. 

Aug.  18 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Aug.  19 

Do 

4.22 
4.20 
4.16 
4.10 
4.20 

NotaDjItloii. 

Do. 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rati  of  Dbtonahon. 


Diameter  of  cartridge,  H  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Aug.  29, 

Aug.  30, 

Do. 


Dbtanoe 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


MUHmetert. 
15.07 
15.57 
15.04 


Mettre. 
43.5 
43.5 
43.5 


Rate  of 
detonation 


2»7M 
%9n 


Average  rate  of  detonation,' 2,858  meters  (9,370  feet)  per  second. 

Flame  Test. 
Peripheral  npeed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
phot^paph. 

Height  of 
flame. 

Dunticm 
distance. 

Doratiaiior 

flame. 

Mar.  13 

16.50 
18.25 
14.00 

20.84 
23.06 
17.68 

iflOhMtert. 
7.26 
&00 
0.2S 

ilfimifrnnirfa 

0.868 
.400 
.SIS 

Do 

Do 

Average  height  of  flame,  20.52  inches. 
Average  duration  of  flame,  0.359  millisecond. 


BE8ULT8  OF  TB8TS. 
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Impact  Test. 


Date,  January  31,  1911. 


DlstaDfOe  of 
friL 

Nnmbcr  of 
trials. 

Result 

Distance  of 
fsU. 

Number  of 
trials. 

Result 

Cmthiutert, 
26 
34 
22 
18 
16 

Do. 
Do. 
No  explosion. 

Oemimeteri. 
17 
17 
16 
16 
15 

1 
1 
1 

1 
5 

No  explosion. 
Exploeion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  exploeion  occura  establiflhed  at  15  centimetezs 
(5.91  inches). 

Exflo8ion-by-Influencb  Test. 
Weight  of  each  cartridge,  171  grams. 


Date  (1911). 

Distance 
ssparatlng 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  30 

Do 

Do 

hteku, 

4 

3 
2 

Did  not  explode. 

Do. 
Exploded. 

Jan.  30 

Do 

Do 

Incka. 

3 

4 
4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maxdcum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter»sl  kilogram  per  square  centimeter. 


Date  (1911). 


Feb.  3 

Granu. 
217 

Feb.  4 

217 

Do 

217 

Jan.  24 ,   

217 

Feb.  6. 

217 

Do 

217 

Jan.  24 

217 

Do 

217 

Do 

217 

Cliarge.<i 


Specific 
gravity. 


1.06 
L06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 


Heil^tor 
curve. 


MUUnuUri. 
82.40 
83.40 
88.60 
8L00 
8L£0 
81.00 
20.80 
20.60 
30.00 


Pressure 
per  square 
centiiiieter. 


EiUmwnt. 

101.26 

104.38 

lO&OO 

96.88 

96.44 

96.88 

93.12 

92.50 

03.75 


Ckx>ling 
surfue. 


A 

A 
A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


I 


KUogramt. 
108.64 


07.40 
93.12 


a  Including  17  grams  of  the  original  wrapper. 

P»1.911A-|-0.5B— 1.4110sll5.17  kilograms  per  square  centimeter. 
Val5,000  cubic  centimeters.        S»1.06.       W«217  grams. 

VPS 

If  »~^b8,439  kilograms  per  square  centimeter  (120,040  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

THE  Original  Wrapper. 


Date,  September  12, 1910. 
SoUd 


[Analyst,  A.  L.  Hyde.) 


Orams. 

15.0 

Liquid  (water) 80. 0 

Gaseous 110.4 
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TB6TS  OF  PEBMI8SIBLE  EXPLOSIVES. 


Laboe  Calories  Developed  bt  1  Kiloobam  of  the  Exflosivs*. 
Chaige,  108.5  grams.^i 


Date  (1911). 


Feb.  7. 
I>o. 
Do. 


Weight 
of  water. 


Kiloffratfu. 
8L5S 
8L56 
8L55 


RiMin 

iempenip 

ture. 


C. 

L297 
L285 
1.2M 


Heat  devel- 
oped per 
kuoKTun. 


OiioriM. 
1,10S.O 
1.108.2 
1,102.4 


0  Inclading  8.5  gzame  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  1,103.5. 

COMPBESSION   OF  SmALL  LeAD  BlOCKS. 

Charge,  100  grams. 


Date  (1911). 


Jan  24. 
Do. 
Do. 


Height. 


Before 
explosion. 


MUUmiUrt. 
83.26 
63.60 
83.50 


After 
ezpjoskm. 


MUUmeUn. 
48.60 
48.76 
49.00 


Compression. 


14.75 
14.75 
14.50 


Average  compression,  14.7  millimeters  (0.58  inch). 

Expansion  of  Bobe  Hole  of  Tbauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 


Jan.  27 
Do 
Do 


Volume  of  bore  hole. 


Before 
shot. 


Cubic  centi- 

ffuten. 

63 

63 

63 


After 

shot. 


Ctkbkeenti- 
metert. 
254 
249 
250 


Expansion 

of  bore 

hole. 


CuMeeerUi- 
meUn. 
191 
186 
187 


Temper  a- 
tiireof 
block. 


•C. 


15 
15 
16 


Average  expansion  of  bore  hole,  188  cubic  centimeters  (11.47  cubic  inches). 

COLUEB  POWBEB  NO.  6  SPECIAL. 

Explosive,  Collier  powder  No.  5  special. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manu^tured  by  the  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  138  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  straw. 

ConsiBtency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BESULTS  OF  TESTS. 
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Unit  deflective  chaige  as  determined  by  the  ballistic  i>endulum: 

Date,  August  15, 1910. 

Unit  swing  on  this  date,  3.18  inches. 

Weight  of  chaige,  in  grams,  230,    230,    230. 

Swing,  in  inches,  3.12,    3.07,    3.12. 

Average  swing,  in  inches,  3.10. 

3.10  : 3.18  :  :  230  :  (236). 
Therefore  the  unit  deflective  chaige  of  Collier  powder  No.  5  special  is  236  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1010). 


TXST  1. 

Aug.  17... 
Do.... 
Do.-.. 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 

Test  3. 

.\ug.  18. . . 
Do.... 
Do.... 


Weiffht 

Ifothana 
and 

charge. 

ethane. 

Qnma. 

Percent. 

23d 

8.64 

236 

8.77 

236 

8.78 

236 

8.55 

236 

8.37 

236 

8.14 

236 

8.02 

236 

7.86 

236 

7.90 

236 

8.20 

236 
236 
236 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ifliition. 
Do. 
Do. 


Date  (1910). 


Test  3— Con 

Aug.  18 

Do 

Aug.  19 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  20 

Do 

Aug.  22 

Do 

Do 


Weight  '  Methane 

of       I     and 
charge,      ethane. 


Result. 


Chumt. 

Percent. 

236 

236 

236 

236 

236 

236 

236 

a680 

3.87 

0680 

4.06 

a680 

3.95 

aeso 

3.95 

«>680 

4.20 

No  ifliltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a680  granui  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 


Aug.  27. 

Do. 

Aug.  29, 


Distance 

between 

spark  points. 


MUlimeters, 
17.22 
17.07 
17.06 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
43.5 
43.5 
43.5 


Rate  of 
detonation 
per  second. 


Metert. 

2,626 
2,548 
2,550 


Average  rate  of  detonation,  2,541  meters  (8,330  feet)  i>er  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 


ICar.U... 
Do... 
Do... 


Height  of 
photograph. 


MUUmeiert 
16.00 
15.00 
13.50 


Height  of 
flame. 


Indue. 
20.21 
18.95 
17.05 


Duration 
distance. 


MUHmOert. 
7.50 
6.00 
5.75 


Duration  of 
flame. 


MWUeocmde. 
0.375 
.300 
.288 


Average  height  of  flame,  18.74  inches. 
Average  duiatioQ  of  flame,  0.321  millisecond. 
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TESTS  OF  PEfiMISSIBLB  EXPLOSIVES. 


Impact  Test. 


Date,  January  31, 1911. 


Distance  of 
fall. 

Nnmberof 
trials. 

Result. 

Distance  of 
foil. 

Number  of 
trials. 

Result 

CtnHtMUftm 
18 
22 
24 
23 

1 
1 
1 
1 

No  explosion. 

D6. 
Explosion. 

Do. 

CmUmtiert. 
22 
20 
21 

1 
1 
5 

BxpkMlon. 
No  explosion. 
Do. 

The  TnaTiimim  height  at  which  no  explosion  occurs  established  at  21  centimeters 
(8.27  inches). 

Explosion-bt-Influbncb  Test. 

Weight  of  each  cartridge,  167  grams. 


Date  (1011). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  25 

Do 

Jan.  26 

Do 

Incka. 

4 
2 
8 
3 

Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

Jan.  26 

Jan.  28 

Do 

8 
4 

4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determinkd 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge-a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surfiuie. 

Avenge 

pressure 

per  square 

centimeter. 

Feb.  3. 

Grama. 

»218 
218 
218 

6218 
218 
218 
218 
218 
218 

1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 

MOlimeUri. 
41.50 
32.20 
31.80 
38.00 
31.60 
31.80 
29.50 
29.80 
29.50 

Eilognmtt 
103.75 
100.62 
99.38 
96.50 
98.75 
99.38 
92.19 
93.12 
92.19 

A 
A 

A 
B 
B 
B 
C 
C 
C 

KOognwu. 

Do 

10L18 

Do 

Jan.  23 

Do 

96.21 

Do 

Do 

Do 

92.50 

Jan.  24 

a  Including  18  grams  of  the  original  wrapper. 

b  Indicator  spring,  0.4  millimeter— 1  kilogram  per  square  centimeter. 

P=1.911A4-0.5B-1.411C=111.93  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.03.        W=218  grams. 


M= 


VPS 


:7,933  kilograms  per  square  centimeter  (112,840  pounds  i>er  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  of 

THE  Original  Wrapper. 


Date,  September  9,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.) 


Orams. 

1L5 

Liquid  (water) 81. 5 


^JrtlOUOUB.  m9f»»*mffmffWfrf9rrp 


112.5 


BB8ULT6  OF  TESTS. 
LaBOE  CaLOSIBS  DbYBLOPBD  BT  1  KlLOOBAM  OV  THB  EZPIiOBiyB. 

Chaige,  109.0  gnsng,^ 
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Date  (1911). 

Weight 
of  water. 

Rise  In 
tempera- 
ture. 

Heatdev^ 
oped  per 
kilognun. 

Feb.  6 

81.56 
81.56 
81.55 

•c. 

1.390 
1.310 
1.310 

Caionea. 
1,119.5 
1,111.0 
1,111.0 

Do 

Do 

o  Including  9  grams  of  the  original  wrapper. 
Average  laige  calorie9  per  kilogram  of  explosive,  1,113.8. 

C0MPBBS8ION  OF  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Ck>mpree8fcm. 

7m.  94 

MUlhneUT9. 
63.50 
63.50 
63.60 

MiOimeUn. 
50.35 
50.75 
50.75 

MUUmeien. 
13.96 

Do 

13.75 

Do 

13.75 

Average  compression,  12.9  millimeten  (0.51  inch). 

Expansion  of  Bore  Holb  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Jan.  27 

CubkeetUi- 
meterPi 
63 
63 
63 

CtMeeetUi- 
meUn. 
358 
350 
357 

CvMeeenti- 

196 
187 
194 

•c. 

16 

Do 

15 

Feb.  15 

15 

Avenge  expansion  of  bore  hole,  192  cubic  centimeters  (11.71  cubic  inches). 

COLUBB  POWBEB  NO.  e-L.  F 

Explosive,  Collier  powder  No.  6*L.  F. 

Claas  4,  nitroglycerin. 

Manufactured  by  the  Keystone  National  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8|  inches. 

Average  weight,  170  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

91853*— Bull.  6^-13 9 
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TESTS  OF  FSBMISSIBLB  EXPLOSIVES. 


Unit  deflecthre  clunge  as  determined  by  the  ballistic  pendulum: 

Date,  September  26, 1910. 

Unit  swing  on  this  date,  3.32  inches. 

Weight  of  charge,  in  grams,  308,    308,    308. 

Swing  in  inches,  3.30,    3.20,    3.20. 

Average  swing,  in  inches,  3.23. 

3.23  :  3.32  : :  308  :  (317). 
Therefore  the  unit  deflective  chaige  of  Collier  powder  No.  6-L.  F.  is  317  grams. 

Gas  and  Dubt  Gallbbt  No.  1. 


Date  (1910). 

Weteht 
cliarge. 

liethane 

ftnd 
ethane. 

Result. 

Date  (1010). 

Weteht 
charge. 

Methane 

and 
etiiaae. 

Resolt. 

Test  1. 

Sept.  28 

Do 

(Tromt. 
317 
317 
817 
317 
317 
317 
317 
317 
817 
317 

817 
817 
317 

Percent, 
8.36 
8.62 
8.31 
8.31 
8.43 
8.43 
8.43 
8.23 
8.33 
&33 

No  Uniitlon. 
Do.     . 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  imitlan. 
Do! 

Test  3— Con. 

Sept.  29 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

8ept30 

Do 

Do 

Do 

Do 

Orame. 
317 
817 
317 
317 
317 
317 
317 

0680 
0680 

•  680 
0  680 

•  680 

Percent. 

VolaMtm, 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

T>»3. 

Be|lt29 

^^>o 

4.40 
4.20 
4.30 
4.46 
4.40 

Ko%nftlan. 
Do. 
Do. 
Do. 

Do. 

Do 

A  680  stasM  or  more  iTM  ued. 
Rat«  op  Dbtowahon. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Oct.  3. 

Do 

Got.  4. 


Distance 

between 

spark  points. 


Hmmeten. 
14.78 
14.44 
16.12 


Peri|>heral 

speed  of  drum 

per  second. 


Melert. 
43.6 
48.6 
43.6 


Rateoi 
detonatkm 
peroooond. 


Metere. 

3,0L3 
2,877 


Average  rate  of  detonation,  2,944  meters  (9,660  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Dnmtlon 

Dnmtlaior 

flame. 

Apr.  21 

Mmmetert. 
11.75 
0.76 
12.00 

Inehet. 
14.84 
12.32 
16.16 

MUUmetert. 
6.75 
4.26 
6.00 

jnmeeeomie. 
0.288 

Do 

.213 

Do 

.260 

Average  height  of  flame,  14.11  inches. 
Average  duration  of  flame,  0.250  millisecond. 


BJB&ULX8  OF  XWX8. 
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Bale,  February  24, 1911. 


lUfJUBT  TjUST. 


DMmoooT 

NomlNrof 

Result. 

DiBtanoeof 
IftU. 

NiimlMrof 
trfab. 

Result 

CaOimaert. 
40 
80 
33 

1 

1 
1 

m 

EzpkMioB. 

Noexnk)6ion. 

Ezploaoii. 

OnilffiM(er«. 
31 
81 
80 

1 
1 
5 

Nosxploslon. 
Explosion. 
No  explosion. 

The  maximmn  heigbt  at  which  no  explosion  occurs  establiiahed  at  30  centimeten 
(11.81  inches). 

Explobion-bt-Intlubncb  Tbbt. 

Weight  of  each  cartridge,  164  grams. 


Dato<iOU). 

DisteUM 
mvtmtiag 
cartridges. 

Result,  upper 
cartridge. 

Data  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 

Fob.  27 

Do 

Do. 

Do 

6 
6 
8 
1 

Did  not  explode. 

Do. 

Do. 
Exploded. 

1*06.28 

Do 

Do 

2 
3 
8 

Exploded. 
Did  not  explode. 
Do. 

The  miTiimi^pn  distance  at  which  no  explosion  occurs  established  at  3  inches. 
THBORsncAL  Maximum  Prbssube  Dbyblopbd  in  Own  Volumb,  as  Dbtbrminbd 

BT  BiCHBL  PbbSSVRB  GaOB. 

Indicator  spring,  0.4  inilliineter»l  kilogram  per  square  centimeter. 


Date  (1011). 

Charge.^ 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
centimeter. 

Co(riing 
surfue. 

Avensge 

pressure 

persquars 

centimeter. 

Mar.  23 

Granu, 
215 
216 
216 
»2]6 
215 
215 
215 
215 
215 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

WUimeUn. 
24.50 
24.50 
24.25 
19.00 
23.26 
28.00 
22.50 
22.25 
22.50 

KQofnnu. 
61.25 
61.26 
60.62 
60.38 
68.12 
67.50 
66.26 
66.62 
66.26 

A 

A 
A 

B 

B 
B 
C 
C 

c 

KUognmt. 

Do 

61.04 

Do 

Mar.  17.               .... 

Do 

fiS.3S 

Do 

Do 

Mar.  18.            

86k04 

Do 

a  Including  15  grams  of  the  original  wrapper. 

*  Indicator  spring,  0.32  millimeter*- 1  kilogram  per  square  centimeter. 

Pal.91lA+0.5B— 1.411C»66.75  kilograms  i>er  square  centimeter. 

V=15,000  cubic  centimeters.        8=1.02.        W«215  grams. 

VPS 
Ma:-^«4,750  kilograms  per  square  centimeter  (67,560  pounds  per  square  inch)- 
W 

Pboducts  op  Combustion  fbom  200  Gbams  of  thb  Expi<o«xvb  and  15  Gravs  of 

THE  Original  Wrappsb,. 


Date,  March  1,  1911. 
SoKd 


(AnalyBt,  A.  L.  Hyde.) 


Oiams. 

69.1 

Liquid  (water) : 11.^2 

Gaseous 130.3 


126  TESTS  OF  PEBHISS3LE  EXFL08IVBS. 

Large  Calories  Developed  bt  1  Kilooram  of  the  Ezflosiyb. 
Ghaige,  107.5  grams.o 


Date  (1011). 

Weight 
of  water. 

Rise  in 
tempera- 
tun. 

Heat  devel- 
kfiognm. 

MAr.ff..   .,     

KUogmmi. 
80.05 
80.06 
80.06 

•a 

0.087 
.677 
.678 

Cahria. 
6flft.O 

llarf 

674.6 

Do 

576.4 

a  Inoloding  7.5  grams  of  the  original  wrapper. 
Average  laige  caloriee  per  kilogram  of  explosive,  572.0. 


Compression  of  Small  Lead  Blocks. 


Chaige,  100  grams. 


Height. 

Date  (1011). 

Before 
explosion. 

After 
exi^oslon. 

(Compression* 

Mar.  20 

MOUnuUn. 
68.76 
64.00 
64.00 

Mmimetm. 
61.60 
61.00 
6L80 

JflBfsMCcri. 
12.18 

Do 

U.00 

Do 

lS.flO 

Average  compression,  12.6  millimeters  (0.50  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Ezpanskm 

of  bore 

bole. 

Tempera- 

Date (1011). 

Before 
shot. 

After 
shot 

ture  of 
blook. 

Mar  ?2...,.  .         

CuMeeenH- 
mden, 
68 
68 
68 

CuMeeenii' 
nuUn. 
104 
202 
107 

CtMeeenU^ 
meUrt. 

m 

130 
184 

15 

Do 

U 

Do 

16 

Average  expansion  of  bore  hole,  135  cubic  centLmeters  (8.24  cubic  inches). 

COLUEB  NO.  0. 

Explosive,  Collier  No.  9. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  192  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.15. 

Color  of  explosive,  white  and  com. 

ConsiBtency,  granular  and  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


BB8ULT8  OF  TB8T8. 
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Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  February  20, 1911. 

Unit  swing  on  this  date,  3.06  inches. 

Weight  of  chaige,  in  grams,  270,    270,    270. 

Swing,  in  inches,  2.95,    2.90,    2.90. 

Average  swing,  in  inches,  2.92. 

2.92  :  3.06  ::  270 :  (283). 
Therefore  the  unit  deflective  chaige  of  Collier  No.  9  is  283  grams. 

Gas  and  Dust  Gallbrt  No.  1. 


Date  (1911). 

Web^t 
chttnge. 

Methane 

and 
ethane. 

Reeolt. 

Date  (1911). 

Weteht 
ofafurge. 

liethane 

and 
ethane. 

KesQlt. 

TkstI. 
Feb.  21 

Oramt. 
283 
283 
283 
283 
283 
288 
283 
283 
283 
283 

283 
283 
283 

PereaU. 
8.06 
7.86 
7.84 
7.86 
7.90 
7.81 
7.94 
7.88 
8.00 
7.09 

Nolmltkm. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noipiltlon. 
Do! 

TB8T  8— Con. 

Feb.  28 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  23 

Do 

Do 

Feb.  24 

Do 

283 
283 
283 
283 
288 
283 
283 

a080 
•  680 
a080 
a680 
a680 

Percent. 

Noimitkin. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tin  8. 

Feb.  23 

3.08 
3.96 
3.93 
3.87 
3.94 

NoUgttlon. 

Do. 
Do. 

Do 

Do. 

Do 

«  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  H  inches. 
Electric  detonator,  No.  7. 


Date  (1011). 


Feb.  20 

Feb.  21 

Do 


DiBtanoe 

between 

spark  points. 


PeripberBl 

speed  of  drum 

per  second. 


MnUmeteri. 
21.66 
22.28 
22.66 


Meten. 
46.00 
46.25 
46.00 


Rate  of 
deUMiatlon 
per  second. 


MHere. 

2,088 
2,086 
1,906 


Average  rate  of  detonation,  2,040  meters  (6,690  feet)  i>er  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1018). 

Height  of 
pbot^;raph. 

Height  of 
flame. 

Duration 
distance. 

Doratlonof 
flame. 

Tan.  80 r-.,.- ,.,.,-, 

JiWimeten. 
8.60 
9.60 
7.25 

Indue. 
4.42 
12.00 
0.16 

JdUUmetere. 
1.00 
3.00 
2.26 

0.060 

Do 

.160 

Do 

.112 

Average  height  of  flame,  8.53  inches. 
Average  duration  of  flame,  0.104  millisecond. 
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TESTS  OF  "raBMXBSIBLS  BXPLOSIVSS. 


Date  October  18, 1912. 


Impaoi*  Tserr. 


Dfetanoeof 
ML 

Number  of 
triata. 

Result. 

DiMBio»of 
flUl. 

Nimibepof 
trials. 

'Rimlt. 

CaMmderg. 
40 
86 
84 
82 

1 
1 
1 
1 

ExpioilOB. 

Do! 
Do. 

CenUnuUn. 

81 
80 

1 

I 

No  exploBloii. 
NoexpMUoD. 

The  TnariTnum  height  at  which  no  explodon  occurs  eetablifihed  at  90  centfrneters 

(11.81  inches). 

£2zplo8ion-bt-Influencb  Test. 


Weight  of  each  cairtndge,  187  grams. 

Date(h)i2). 

DManee 
cartridgea. 

"^agr 

Date  (1912). 

Bfstanee 
separatiiig 
eartridgea. 

"sfessr 

Nov.4 

Do 

Do 

Noy.e. 

Do 

Do 

imAet. 

8 
4 
5 
5 
« 
7 

Exploded. 

Do. 
Did  not  explode. 
Exploded. 

Do. 

Do. 

Nov.6 

Do 

Nov.7 

Do 

Do 

8 

0 

10 

10 

10 

Exploded. 

DidnoteoEpMe. 
Do.     ^^ 
Do. 

The  mlnimiim  distance  at  which  no  explosion  occurs  establidwd  at  10  inches. 
Theobbtical  Mazhiux  Prbbsubs  Dsyklopbd  zn  Own  Volume,  as  Detbrkikbd 

BT  BiCHEL  PbBSSUBE  GaGB. 

Indicator  spring,  0.4  inill]meter»l  kilogram  per  square  centimeter. 


Date  (1911). 


Ang^.. 

Do' 
Do. 

*^\ 

Atlg^lo. 

Do! 


Cliarge.a 


CHramt. 

6212 

b212 

»212 

212 

212 

212 

912 

212 

912 


Spedflo 
gravity. 


LIS 
1.16 
1.15 
1.16 
1.15 
1.15 
1.15 
1.15 
1.15 


Height  of 
curve. 


JiOUmeten. 
23.75 
28.50 
23.25 
27.00 
28.26 
27.00 
96.50 
25.50 
97.76 


per  square 
oentimeter. 


KUogranu, 
74.22 
73.44 
72.66 
67.50 
7D.62 
67.50 
66.25 
66.25 
60.88 


Cooling 
Burflioe. 


A 
A 

A 
B 
B 
B 
C 
C 
C 


XUogmmg. 
73.44 

68.54 

67.29 


o  Including  12  grams  of  the  orlgiaal 


b  Indicator 


;i2grams< 
sprfiig,  0.8 


82  milUmeter— 1  kilogram  per  square  oentimeter. 


P=1.911A+0.5B—1.411G=» 79.67  kilognons  per  square  centimeter. 
V==15,000  cubic  centimeters.        S=1.15.        W=212  grams. 

VPfi 
M=sJl^zs6,483  kilograms  per  square  centimeter  (92,220  pounds  per  square  inch). 

Products  of  Gombtotion  fbom  200  Grams  of  thb  Ezplgsive  and  12  Gaaiis  of 

tSB  Original  Wrafpbr. 


Date,  June  20, 1911. 
Solid 


fAnalytt,  A.  L.  Hfde.] 


Oiams. 

35.8 

Liquid  (water) 68. 0 

Gaseous 118.0 


BS817I/K  or  TB8T8. 


I2d 


Large  Galoubs  Dsvblopbd  bt  1  Kojoobam  of  vbb  fiaiUMUVB. 
Chaige,  106.0  giBma .« 


Date  (1911). 


Weigiit 


Rise  in 

teiiip««- 

tiiie. 


HeatdflT^ 
oped  per 
kuognm. 


July  38. 

Jii]y2B.. 

Do.. 


80.96 
80.96 


•C. 
0.888 
.812 
.814 


Oaioriet, 
718.8 
70O.5 
7D2.3 


•  Inolading  6  gntns  of  the  origlnAl  wmpper. 
Average  lai^  isalorieB  per  kilogram  of  explosive,  707.2. 

CoifPRESBION  OF  SmALL  LeAD  BlOCKS. 

Charge,  100  grMBB. 


D«te  (1919). 


Oct.  28.. 

Do.. 

Oct.  24.. 


Height. 


Before 
explosion. 


iiUUmetert, 
88.26 
68.60 
64.00 


After 
explosion. 


MVUmeien. 
61.75 
61.60 
62.60 


ConipwesiGiD. 


MOUfneten. 
11.60 
12.00 
11.60 


Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Ghaige,  10  grams. 


Date  (1911). 


Apr.  8.. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


dMeeenH- 
nuten. 
68 
68 
68 


After 
shot. 


CmMecenti- 

fhittttm 

192 
192 
200 


Expeosioii 

of  bore 

hole. 


CMhkttuM' 


129 
129 
187 


Tempera- 
ture of 
blook. 


•C. 


16 
16 
16 


Average  expansion  of  bore  hole,  132  cubic  centimeters  (8.05  cubic  inches). 

COLUBB  POWDBB  NO.  IL 

Explosive,  Collier  powder  No.  11. 
Qam  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Go. 
examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174  grams. 

Cartridge  had  been  redipped. 

Apparent  q>ecific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  moderately  cohesive. 
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TBSTS  OF  PRRMTfiflTBLB  BXPLOSIVES. 


Unit  deflective  charge  as  detemuned  by  ballistic  pendulum: 

Date,  January  2, 1913. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  chaige,  in  grams,  220,    220,    220. 

Swing,  in  inches,  3.40,    3.53,    3.41. 

Average  swing,  in  inches,  3.45. 

3.45  :  3.40  ::  220  :  (217). 
Therefore  the  unit  deflective  chaige  of  Collier  powder  No.  11  is  217  grams. 

Gas  and  Dust  Gallbrt  No.  1. 


Date  (1013). 


Test  1 

Jan.6.... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 
Do... 

Tsar  3 

Jan.  10..., 
Do... 
Do... 


WtMit 
charge. 


Oramt. 
217 
217 
217 
217 
217 
217 
217 
217 
217 
217 


217 
217 
217 


Kethane 

and 
etfaane. 


Percent. 
7.91 
7.90 
8.21 
7.91 
8.20 
7.76 
8.18 
7.02 
7.01 
7.97 


lUsoIt. 


No  Iniition. 

liO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Iniitioii. 
Do! 


Date  (1913). 


Test  3— Con 

Jan.  10 

Do 

Do 

Do 

Do 

Do 

Do 

TBflT  4. 

Jan.  8 

Jan.  9 

Do 

Do 

Do 


Wetabt 

Methane 
and 

diarge. 

ethane. 

Oramt. 

JPerctfU. 

217 
217 
217 
217 
217 
217 
217 

a680 

4.07 

a680 

4.00 

a680 

8.99 

•680 

3.98 

•680 

4.15 

Result. 


No  imitkm. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Noimitioa. 
Do. 
Do. 
Do. 
Do. 


a680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1913). 


Jan.  6 
Jan.  7 
Jan.  8 


Distance 

between 

spark  points. 


MiUimeUr: 
11.65 
11.80 
11.65 


Peripheral 

speed  of  drum 

peraeooDd. 


MeUre. 


42 
42 
41 


Rate  of 
detonatkni 
peraeooDd. 


Meun. 
8,606 
3,580 
3,519 


Average  rate  of  detonation,  3,561  meters  (11,680  feet)  per  second. 

Flame  Test, 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duratkmof 
flame. 

Feh.  21 

mmmeterM. 
8.00 
9.00 
8.75 

Indus. 
10.11 
11.37 
11.06 

MttOmetm. 
5.50 
6.25 
6.75 

imUacorndf. 
0.S2S 

Do 

.313 

Do 

.sas 

Average  height  of  flame,  10.84  inches. 
Average  duration  of  flame,  0.292  millisecond. 


BBSULTS  OF  TESTQ. 
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Date,  March  4, 1913. 


Ihpagt  Tsbt. 


DtoUmoeof 

tan. 

Nnmber  of 
triata. 

Result. 

Distanraof 
IbU. 

Number  of 
triab. 

Besolt. 

CmUmdert. 
40 
86 
82 
28 
26 

Explosion. 
Do. 
Do. 
Do. 
Do. 

CefMmetert. 
22 

18 
14 
16 
17 

1 

1 
1 
1 
5 

Explosion. 

Do. 
Noexploskm. 

Do. 

Do. 

The  TnftTiTtinnn  height  at  which  no  explosion  occuib  establifihed  at  17  centimeten 

(6.69  inches). 

Ezflosiom-bt-Influencb  Test. 

Weight  of  each  cartridge,  167  grams. 


Date  (1918). 

Distanoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (ldl3). 

Distance 
separating 
cartridges. 

Result,  upper 
oartiKlge. 

F«>.27 

Do 

Do 

Do 

4 

6 

8 

10 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Feb.  27 

Do 

Do 

0 
10 
10 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theorbtigal  Maximum  Pressure  Developed  in  Own  Volume,  ab  Determined 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.24  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 


Feb.  14. 

Do. 
Feb.  15. 
Feb.  14. 

Do. 
Feb.  17. 

Do. 

Do. 

Do. 


Chaige.a 

Specific 
gravity. 

<7fsfn». 

215 

1.04 

215 

1.04 

215 

1.04 

215 

1.04 

215 

1.04 

215 

1.04 

215 

1.04 

215 

1.04 

215 

1.04 

Height  of 
curve. 


MUlimaert. 
25.00 
24.75 
25.00 
24.75 
25.00 
24.25 
23.75 
24.75 
24.75 


Pressure 
per  square 
centimeter. 


KOogramt. 
104.17 
108.12 
104.17 
103.12 
104.17 
101.04 
98.96 
103.12 
108.12 


Cooling 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


Kilogram*, 
103.82 


I 


108.78 
101.73 


a  Including  15  grams  of  the  original  wrapper. 

P=1.911A-f0.5B— 1.4110=106.25  Itilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.        S=1.04.        W=215  grams. 

VPS 
M=~^= 7,709  kilograms  per  square  centimeter  (109,660  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  January  16,  1913. 
Solid 


[Analyst,  A.  L.  Hyde.) 


Qrams. 

4.7 

Liquid  (water) 69. 0 

Gaseous 129. 2 
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TESTS  OF  PBBMISSIBLB  BXPL0SIVB8. 


Large  Calories  Developed  by  1  Kilogram  of  tbb  E;nLOBiYB. 
Ohazge,  107.5  gramB.^ 


Date  aoi3). 


Weight 
of  water. 


Bin  in 
tore. 


Feb.  17. 
Do. 
Do. 


KUognnu. 
81.96 
81.06 
81.96 


1.906 
1.208 
1.219 


1,042.7 
1,042.7 
1,062.3 


slnolading  7.5  gnuns  of  the  original  wrapiw. 

Average  large  caloriea  per  kilognnn  of  exploflKTB,  1,045.9. 

Compression  of  Small  Lsad  Buocks. 
Charge,  100  grams. 


Height. 

Date  (1913). 

Before 

•iplQiiOQ. 

After 

explfldoQ. 

Feb.  25 

08.60 
68.36 
68.^ 

MUUmeten. 
46.00 
46.00 
.46.26 

17.60 

Do 

17.26 

Do 

17.00 

Average  compression,  17.2  millimeters  (0.67  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1913). 


Votame  of  bore  bole. 


Belbre 
shot. 


After 
sbot. 


Ezpraikm 

of  bora 

bole. 


tore  of 
block. 


Mar.  6.. 
Do. 
Do. 


68 


CvMeeetUt' 


810 
800 
807 


CtMcetnU- 


247 
287 
244 


'C. 


15 
15 
15 


Average  expansion  of  bore  hole,  243  cubic  centuneters  (14.82  cubic  inches). 

GRONTTE  KO.  1. 

Explosive,  Cronite  No.  1. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Mannfactmed  by  the  G.  R.  McAbee  Powder  A  Oil  Co. 
Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  155  grains. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  straw. 

Coiudsteiicy,  granular,  fine,  dry,  soft,  slightly  cohesive. 


Basouiv  -ov  tmTB. 


1S3 


Unit  deflectiye  charge  as  deteiminwd  by  WliBtic  pendulum: 

Date,  October  28, 1912. 

Unit  swing  on  this  date,  3.43  inches. 

Weight  of  clMHge,  in  grans^  240,    240,    240. 

Swing,  in  inches,  3.54,    3.48,    3.58. 

Average  swing,  in  inches,  3.li3. 

^.83  : 3.43  :  :  240  :  (233). 
Thflietoie-thp  unit  deflective  clange  of  Gronite  No.  l^is  233  giaas. 

Gas  and  Dust  Gallbrt'No.  1. 


Date  (1013). 

dMrse. 

lletlttne 

■  and 

flthano. 

^ 

D«to(19t3). 

ohMse. 

Ifothaae 

rMd 

fMlMlft 

lUnlt. 

TBsrl. 
Oct.  29 

ONmw. 
238 
233 
233 
233 
233 
233 
233 
333 
233 
333 

333 
283 
388 

8.17 
8.84 

%jn 

8.18 
8.34 
7.78 
8.45 
8.38 
7^ 
&53 

Nolmlttoii. 

Bo! 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Bo. 

Kokmitioii. 
Do.' 

Tb8t3— Om. 

N0¥.4 

Do 

Bo 

Do 

Do 

Do 

Nov.5 

Tan  4. 

Oct.«l 

Do 

Not.  1 

Do 

Do 

• 

283 
288 
283 
233 
283 
338 
233 

•680 
•«80 

•eso 

•«80 
•680 

Fercntf. 

NoUmttlon. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Bo. 

Do 

Do. 

Do 

Oct.  30 

90 

Tan  3. 

NoT.4 

4.13 
4.10 
4.21 
4.17 
4.26 

Notenttlon. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

'«660'gtam8  «r  more  was  iMd. 
Ratb  of  Dbtonation. 


Diameter  of  cartridge,  1^  inches. 
Blectiic  xietonator,  "No.  7. 


Date  (1012). 


Oet28. 
Do. 
Do. 


bo- 


tween 


vennMrk 
poiiin. 


speed  of  dmm 
pereeoond. 


mmmeUr: 
18.20 
18.15 
IZJOB 


43.0 
48.0 
43.0 


Of 
detonation 


MeUtt, 

8,188 
8,104 
8,218 


Avenge  sate  of  detonatioo,  3,198  meters  (10,490  feet)  per  second. 

F1.AICB  Ta«r. 
Peripiieral  speeld  <tf  fihn,  1K>  meters  per  second. 


Date  (1018). 

HftH^tof 

• 

B^lV^tof 

'<ltt*nff> 

Dtuatlonof 
flame. 

Feb.  30. 

• 

■fSHNNlMV. 
10.75 
10.75 
0.75 

JMkfet. 
18.68 
18.88 
12.32 

JfXMMCm. 
6.00 
6lOO 
6.50 

0.800 

Do 

XNI 

Do*  ■••••^ 

.826 

Average  height  of  flame,  13.16  inches. 
Avenge  duration  of  flame,  0.308  millisecond. 
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TESTS  OF  PBRBOBSEBLS  8ZPL0SIVBS. 


Impact  Tbst. 


Date,  November  7, 1912. 


Distance  of 
fall. 

Number  of 
triata. 

Result. 

DManooof 

fan 

Number  of 
tzJato. 

Result. 

CentimeUn. 

CtiUiimltrt, 

10 

No  ezpkxdon. 

26 

Explosion. 

20 

Do. 

26 

NoezplOBlon. 

30 

Expknion. 

26 

Explosion. 

14 

No  ejcploBion. 

24 

Do. 

27 

Do. 

28 

No  explosion. 

29 

Do. 

23 

Explosion. 

29 

Ezploston. 

22 

Do. 

28 

No  ejq;>laBion. 

21 

No  explosion. 

28 

Ezptoskm. 

21 

Explosion. 

27 

Do. 

20 

Do. 

26 

No  ezplosioii. 

10 

No  explosion. 

The  maximum  height  at  which  no  exploedon  occurs  established  at  19  centimeteiB 

(7.48  inches). 

Explosion-bt-Influbncs  Test. 

Wei^t  of  each  cartridge,  160  grams. 


Data  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
oartndge. 

Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 

Nov.  11 

Do 

Do 

Do 

2 
3 
4 
4 

Exploded. 

Do. 
Did  not  explode. 
Exploded. 

« 

Nov.  11 

Nov.  16 

Do 

Do 

Ineket. 

6 
6 
6 
6 

Exploded. 
Dionot  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 
Theobetigal  Maxiicum  Pbbssubb  Deyblopbd  in  Own  Volume,  jlb  Dbtbeminxd 

BT  BlOHBL  PbBBBUBB  GaQE. 

Indicator  spring,  0.24  millimeters  1  kilogram  per  square  centimeter. 


Nov.  20. 

Do. 

Do. 
Nov.  27 

Do.. 

Do. 

Do. 

Do. 

Do. 


Date  (1912). 


Charge.* 

Bpedflc 
gravity. - 

Orsms. 

215 

aoa 

216 

.03 

215 

.03 

»216 

.03 

»216 

.OS 

6216 

.03 

215 

.03 

215 

.03 

215 

.03 

Height  of 
curve. 


MUUmttert. 
23.75 
23.76 
22.76 
81.50 
80.00 
30.25 
20.60 
20.25 
20.26 


Pressure 
per  square 
centimeter. 


KOogrami, 
08.06 
96.00 
04.70 
06.44 
03.75 
04.63 
86.42  1 
84.88* 
84.88 


Cooling 


A 

A 
A 
B 
B 
B 
C 
C 
C 


per  square 


07.57 
06.67 
84.73 


a  Including  16  srams  of  the  original  wranper. 

6  Indicator  spmig,  0.32  millimeter^  1  kilogram  per  square  centimeter. 

Pa- 1.911A+0.5B—1.411Ga- 114.69  kilograms  per  square  centimeter. 

V»15,000  cubic  centimeters.       S«0.93.       Wa-215  grams. 

VPS 
M=-^=-  =7,442  kilpgraips  per  squa^  centimeter  (105,850  poimds  per  square  indi). 


BEStJLTS  OF  TBSTS. 
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PBODiroTS  OF  Combustion  from  200  Ora.mb  of  thc  Ezplosivb  and  15  Geams  of 

THE  Original  Wrakpbr. 


Date,  November  5,  1912. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


flfnrttt. 

2L0 

Liquid  (water) 59. 5 

Gaseous 126.3 

Large  Calories  Developed  bt  1  Kiloqram  of  the  Explosive. 

Charge,  107.5  giams.o 


Date  (loia). 


Weight 
of  water. 


Rise  in 

tenqpetar 

tore. 


Heat  devel- 
oped per 
kflogiain. 


Dec.  17. 
Do. 
Do. 


KUoffram*. 
8L05 
81.06 
81.05 


•C. 
1.118 
1.151 
1.106 


OcUoriet. 
082.7 
008.1 
064.0 


a  Inclndlng  7.5  gzams  of  tlie  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  969.9. 

COHPRESSION  OF  SmALL  LeAD  BlOCKS. 

Chaige,  100  grams. 


Date  (1018). 

Height. 

Before 
ezplosSini. 

* 

After 
explosion. 

CompresBloD. 

Wrf).  25.^ 

MmmeUn. 
68.50 
83.50 
82.76 

MOUnuUrt. 
40.25 
40.00 
48.75 

MUUmeUn. 
14.25 

Do 

14.50 

Do 

14.00 

Avenge  compression,  14.2  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

Expanskin 

or  bore 

hole. 

TemiMrsr 

Date  (1012). 

Before 
shot. 

After 

tureof  '' 
block. 

Not.  14 

CuMeeenU^ 

meten. 

82 

63 

62 

Cvhkeenti- 

flUteT9. 

338 
348 
351 

CvhkcenUr 

meters. 

276 

281 

288 

•c. 

16 

Do 

15 

Do 

15 

Avenge  expansion  of  bor^  hole^  282  cubic  centimeters  (17.20  cubic  inches). 


lae 


TESTS  OF 


]aC«.OSIVBB. 


GBQinaiB  VOu  A. 

Explosive,  Oonite  No.  5. 

Glass  la,  ammonium  nitrate,  contMaing  niUwglyuBrin. 
Maau&ctored  by  the  G.  R.  McAbee  Powder  db  Oil  Go. 
Pfaysical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  152  grams. 

Gartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Golor  of  explosive,  com. 

Gonostency,  granular  and  fibrous,  fine,  dry,  soft,  not  cohesive. 
Unit  defleetivv  charge  aft  determined  by  ballistic  pendohmi: 

Date,  October  28, 1912. 

Unit  swing  on  this  date,  3.43  inches. 

Wei^^  of  charge^  in  grams,  256,    255,    255. 

Swii^  in  inches*.  3.43,    3.67,    3.83. 

Average  swing,  in  inches,  3.51. 

3^1 :  3.43  ::  266  :  (249^ 
Therefore  the  unit  deflective  chaige  of  Cronite  No.  5  is  249  grama 

Gab  and  Dust  Gallbbt  No.  1. 


Date  (1913). 

WoUht 
charge. 

Methane 
ethaoe. 

Benlt. 

Date  (1913). 

w-pt 

charge. 

lfeuiaii» 

and 
ethane. 

Benlt. 

TMl. 
Oct.  30 

uVSIIM'. 
3IS^ 
249 
249 
34» 
349 
349 
349 
249 
249 
349 

349 

249 
349 

Percent. 
7.83 
8.09 
7.93 
7.77 
7.84 
7.98 
8.09 
7.91 
8.15 
8.09 

N«4ndtlon. 

Do*. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

TiBT  »— <3on. 

Nov.6 

Do 

Do 

Do 

Do 

Do 

Do 

Tew  4. 

Nor.  1 

Do 

Do. 

Db 

Do 

Onmt. 
349 
349 
349 
349 
349 
34ft 

»«0 
««80 

aeao 

a68(r 
0880 

PerceiU. 

Noljmitloo. 

Do 

Do 

Do. 

Do 

Da 

Do 

Da 

Do 

Da 

Do 

Da 

Do 

Do 

Do 

Test  3. 

Not.  5 

4;  It 

4.06 
4»17^ 
4.05 
4.00 

NolnltlMt. 
Do. 
Da 
Da 

Do 

Do. 

Do 

a  680  gnaw  or  more  was  oaed. 
Ratb  of  Dbtonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Dalr(1913). 


Oct.  30 
Do 

Nov.  1. 


DistaBoe 

Detweeo 
sporii  pointB. 


TliaUifc  ■■■1 

rerqMMni 
peed  of  dim 
per  seoond; 


16.70 
17.06 
17.85 


42 
43 
43 


Rate^ 

per  seeOTML 


2,615 
2,468 
2,431 


Average  rate  of  detonation,  2,466  meters  (8,090  feet)  per  second. 


*t 


BE8ULTS  OF  TB878. 
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FLiUfE  Tsar. 
Peripheral  speed  of  fihn,  20  meters  per  second. 


Date  (1018). 


Feb.M 
Do. 
Do. 


Height  of 
photograph. 


MWivuUTt, 
12.60 
10.60 
11.25 


Height  of 
flune. 


Inckta. 
15.70 
18.26 
14.21 


Duration 
distance. 


MUUmeten. 
0.25 
6.60 

4.76 


Duration  of 
flame. 


MWitearndt. 
0.312 
.276 


A-rerage  height  of  flame,  14.42  inches. 
Avenge  duration  of  flame,  0.275  millisecond. 


ImtACr  TsfiT. 


Date,  November  8, 1912. 


DktaoDeol 
fttt. 

NnxnlMr  of 

ReBolt. 

Distaaoeof 
ML. 

Number  of 
trials. 

Result 

SO 

10 
IS 

I 

1 
1 
1 

EzDlflrioiL 

*Do: 
KoexpkMlon. 

Do. 

pHflifntitrt. 
18 
10 
18 

1 

1 

4 

No  explosion. 
Explosion. 
No  explosion. 

The  mi^Tiiniim  height  at  iHdch  no  explosion  occun  established  at  18  centimeters 
(7.09  inches). 

Explosion-bt-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Data  (1012). 

Distanoe 
separating 
cartridges. 

Result,  upper 
oartridgB. 

Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

NOT.ll 

Do 

Do. 

»— -» — 

4 
2 

1 

Did  not  explode. 

Do. 
Bxirioded. 

Nov.ll 

Do 

Incke$. 

2 
2 

Did  not  explode. 
Do. 

Hie  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Thborbticai.  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.24  millimeter «=!  kilogram  per  square  centimeter. 


Date  (1012). 

Charge.* 

Spedlk} 
gravity. 

Hel^tof 
curve. 

Presoure 
per  square 
centimeter. 

Cooling 
surfu^ 

Avenge 

prcKv-nirs 

per  square 

centimeter. 

Nov.  20 

(TrstM. 
210 
219 
210 
219 
210 
210 
210 
210 
210 

0.08 
.98 
.08 
.03 
.03 
.03 
.08 
.08 
.03 

HtUimHert. 
20.60 
20.25 
20.60 
10.75 
20.60 
10.75 
10.75 
10.00 
ia75 

KQogranu. 
85.48 
84.38 
85.42 
82.20 
86.42 
82.20 
82.20 
70.17 
83.20 

A 
A 

A 

B 
B 
B 
C 
C 
C 

KOognmi. 

Do 

80.07 

Do 

NoT.ao 

Do 

83.83 

Do 

Do 

Dse.2. 

81.35 

Do 

•  iROladlaf  lOgram  oftbo  origtnal  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


PaBi.9iiA+0.5B— 1.411C»89.59  kilograms  per  square  centimeter. 

y=15,000  cubic  centimeters.        8^0.93.        W=219  grams. 

VPS 
MsaJLJf =5  J07  kilograms  per  square  centimeter  (81,170  pounds  per  square  inch). 
W 

Pboducts  of  Combustion  froh  200  Grams  of  thb  Explosivb  and  19  Grams  of 

THB  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  November  5,  1912. 
Sofid 


Orams. 

25.7 

Liquid  (water) 61. 5 

Gaseous 128.4 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 
Charge,  109.5  grams.^* 


Date  (1913). 


Jan.  7.. 
Do. 
Do. 


Weight 
of  water. 


JKIUcyrafiM. 
81.96 
81.96 
81.96 


Rise  In 
tempera- 
ture. 


1.009 
1.060 
1.066 


Heat  devel- 
oped per 
kuognm. 


004.9 
896.4 
018.6 


a  Including  9.6  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  906.6. 

Compression  of  Small- Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1913). 

Before 
exploeion. 

After 
explosioo. 

Compraaion. 

Feb.  24 

MUUmetert. 
63.60 
63.60 
68.60 

MUUmeieri, 
60.75 
61.00 
61.25 

JiiOinuUrt. 
12.75 

Do 

12.60 

Do 

12.26 

Average  compression,  12.5  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grains. 


Date  (1912). 

Volume  of  bore  hole. 

Expansion 

or  bore 

holfi. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Nov.  14 

* 

Cubic  eentU 

meten, 

62 

62 

62 

Cubkeenti- 

286 
286 
286 

Cubic  eerUi- 

224 
223 

•c. 

16 

Do 

16 

Do 

m 

15 

Average  expansion  of  bore  hole,  224  cubic  centimeters  (13.66  cubic  inches). 


EE6ULTS  OF  TESTS. 
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DBTONTTB  8PB0IAL. 

Explosive,  Detonite  special. 
GlasB  la,  ammomum  nitrate. 
Manu&ctured  by  the  King  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  12  inches. 

Average  weight,  441  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  drab. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  1,  1910. 

Unit  swing  on  this  date,  3.14  inches. 

Weight  of  charge,  in  grams,  300,    300,    300. 

Swing,  in  inches,  3.02,    3.03,    3.00. 

Average  swing,  in  inches,  3.02. 

3.02  : 3.14  :  :  300  :  (312). 
Therefore  the  unit  deflective  charge  of  Detonite  special  is  312  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weifi^t 
cbairge. 

Methane 
and  ' 
ethane. 

Result. 

Date  (1910). 

Weicht 
charge. 

Methane 
and 

ethane. 

Basalt. 

TXSTl. 

Feb.  1 

312 
312 
312 
312 
312 
312 
312 
312 
312 
312 

312 
812 
312 

Percent. 
8.07 
8.02 
8.42 
8.07 
8.17 
8.27 
8.17 
8.22 
8.17 
8.27 

No  fmition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do! 

Test  1— Con. 

Feb.2 

Do 

Do 

Feb.  3 

Do 

Do 

Do 

Test  4. 

Jan.  31 

Do 

Do 

Do 

Do 

OratM. 
312 
312 
312 
312 
312. 
312 
312 

0680 
0680 
0680 
O680 
0680 

Percent, 

No  Ignition. 
Do. 

Do 

Do 

Do.* 

Feb.  2 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

TxsT  3. 

Feb.  a 

3.96 
4.07 
4.15 
4.06 
3.84 

No  imitlon. 

Do! 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Feb.  2. 
Do 
Do 


Distance 

between 

spark  points. 


MUUmetere, 
13.05 
13.11 
12.87 


Peripheral 

speed  of  drum 

per  second. 


Metere, 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meters. 
8,295 
8,280 
3,341 


Average  rate  of  detonation,  3,305  meters  C1O,840  feet)  per  second. 
91853*— Bull.  66—13 10 
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TESTS  OF  PBBMIS6IBLE  EXPLOSIVES. 


Flajcx  TB8T. 

Peripheral  speed  of  film,  20  meters  per  second . 


Date  (1013). 

Height  of 

photograph. 

He^htof 
flame. 

DaiatiOB 

distance. 

Dunmnior 

flame. 

Jan.  30 

MUUmeUrt. 
5.00 
5.50 
5.00 

Indte*. 
6.33 
6.05 
0.33 

MUUmeUrt. 
1.50 
2.50 
1.50 

0.075 

Do 

.135 

Do 

.075 

Average  height  of  flame,  6.53  inches. 
Average  duration  of  flame,  0.092  millisecond. 


Date,  November  11,  1912. 


Impact  Tbst. 


DManoeof 
fall. 

Number  of 
trials. 

Result. 

DiBtanDeof 
fan. 

Number  of 
trtaJs. 

BflsolL 

CtnHmdert. 

OtnUmtien. 

8 

NoexpkMfon. 

18 

Explosion. 

16 

Do. 

12 

Noexplodon. 

32 

ExplOilOB. 

14 

BxplditoiL 

24 

No  explosion. 

13 

Do. 

28 

Ezplooion. 

12 

No  explosion. 

26 

Do. 

12 

Explosion. 

25 

Do. 

11 

Do. 

24 

Do. 

10 

No  explosion. 

20 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 

(3.94  inches). 

£xflobion-bt-Influenob  TX8T. 

Wei^t  of  each  cartridge,  206  grams. 


Date  (1012). 

Distance 
separating 
cartridges. 

•ISM^ 

Data  (1912). 

Distsnce 
separating 
cartridges. 

^SM?" 

Decl7 

Do 

Do 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

1 

Dec.  17 

Dec.  18 

Do 

Indut. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Thborbtical  Maximum  Pressttbe  Developed  in  Own  Volume,  as  Determined 

BT  BicHBL  Pressure  Gaob. 

Indicator  spring,  0.32  millimeter— 1  kilogram  per  square  centimeter. 


Date  (1012). 

Charge.* 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surteoe. 

Ateraga 

pressure 
persttuare 
oentlmelcr. 

Dec.  4 

Gram*. 
238 
238 
238 
238 
238 
238 
238 
238 
288 

0.84 
.84 
.84 
.84 
.84 
.84 
.84 
.84 
.84 

MUUmeUr*. 
26.60 
26.60 
26.00 
25.26 
25.60 
26.00 
33.25 
23.00 
24.00 

KOognm*, 
82.81 
82.81 
81.25 
.         78.91 
<         79.60 
81.25 
73.66 
71.88 
76.00 

A 
A 

A 
B 

B 
B 
C 
C 

c 

jrooyrsau. 

Do 

82.29 

Do 

Do 

Do 

79.96 

Do 

Do 

Do 

73.18 

Do 

d  jQ9luding  38  grams  of  Unoriginal  wrapper. 


BBSULTS  OF  TX8T8. 
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Psl.911A+0.5B~1.411C«93.97  kilogpAnuper square  centimeter. 
V»15,000  cubic  centimeters.        S»0.84.        W»238  grams. 

VPS 

Ms-TEr-=B4,975  kilograms  per  square  centimeter  (70,760  poimds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Exflosivb  and  33  Grams  of 

THE  Original  Wravpbr. 


Date,  July  7, 1910. 
Solid 


(Analyst,  A.  L.  Hyde.] 


Onins. 

44.8 

Liquid  (water) 56. 5 

Gaseous 133. 0 

Large  Calories  Developed  by  1  Kilogram  of  the  EUeflosiyb. 
Chaige,  119.0  grams.a 


Date  (1912). 

Weight 
of  water. 

Rise  in 

tenpenH 

ture* 

Hflatdevel- 
mogiani. 

* 
Dec.  9 

KUo§rmm$, 
81.05 
81.05 
81.06 

0.*912 
.980 
.040 

CWorte. 
700.8 

Dec.  10 

728.5 

Do 

781.3 

<■  Including  10  grams  of  the  original  wrapper. 
Avenge  laige  calories  per  kilogram  of  explosive,  721.4. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Date  (1910). 


JuIyO.. 
Do.. 
Do.. 


Height. 


Before 
explosioB. 


JiUttmeUn, 
63.fiO 
63.  £0 
63.50 


After 
explosion. 


MUUmeten. 
63.36 
61.50 
61.00 


ComprasBlon. 


11.36 
13.00 
13.60 


Average  compression,  11.9  millimeters  (0.47  inch). 

Expansion  of  Borb  Hole  of  Trauzb  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1012). 


Not.  15. 
Do. 
Nov.  18 


Volume  of  bore  hole. 


Before 
shot. 


CtMceenUr 
meters. 
63 
63 
63 


After 
shot. 


CuMceenti- 

metett. 

232 

227 

210 


Expansion 

of  bore 

hole. 


CtMccenH^ 

TMeterBm 

160 

104 

166 


Tempwa- 
tureof 
block. 


*C. 


15 
16 
16 


Aventge  expansion  of  bore  hole,  160  cubic  centimeters  (9,76  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


BT7BBKA  HO.  2. 

Explosive,  Eureka  No.  2. 

Glaas  2,  hydiated. 

Manufactuied  by  the  G.  R.  McAbee  Powder  &  Oil  Go. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  202  grams. 

Cartridge  had  not  been  redipped^ 

Apparent  specific  gravity  of  cartridge  by  sand,  1.15. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  chaige  as  determined  by  ballistic  pendulum: 

Date,  April  15, 1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  chaige,  in  grams,  295,    295,    295. 

Swing,  in  inches,  3.22,    3.20,    3.17. 

Average  swing,  in  inches,  3.20. 

3.20  :3.37::295:  (311). 
Therefore  the  unit  deflective  charge  of  Eureka  No.  2  is  311  grams. 

Gas  and  Dust  Gallsrt  No.  1. 


Date  (1912). 

MeUmne 

and 
ethane. 

Result. 

Date  (1912). 

Web^t 
obarge. 

KeUiane 

and 

ethane. 

Result. 

TEOTl. 

Apr.  19 

Ornnu. 
811 
311 
811 
311 
311 
811 
311 
311 
311 
311 

311 
311 
311 

Percent. 
8.16 
8.14 
7.96 
8.02 
8.09 
7.97 
7.98 
8.28 
7.96 
7.94 

Noiimitloo. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Umltlon. 
Do! 

Tests— Con. 

Apr.  25 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  22 

Do 

Do 

Do 

Do 

Oranu. 
311 
311 
311 
811 
311 
311 
311 

0880 
0880 
0680 
O680 
O680 

Percent. 

No  Imltlon. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Apr.  20 

Do. 

Do 

Do 

Do 

Tsars. 

Apr.  25 

4.12 
4.16 
4.07 
4.17 
4.12 

NoUcnitlon. 

Da 
Do^ 

Do....... 

Do 

Do 

o680  grams  or  more  wta  tued. 
Ratb  of  Dbtokation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Mays. 
Do 
Do 


Distance 

between 

spark  iK>lnts. 


Pertpheral 

speed  of  drum 

perseoQod. 


MOttmeter: 
13.70 
13.76 
13.10 


Meier: 

44.0 
44.6 
44.0 


Rate  Of 
detonation 


Metert. 

8,212 
8,236 
8,889 


Average  late  of  detonation,  3,269  meters  (10,720  feet)  per  second. 


RESULTS  OP  TESTS. 
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FlAJCB  TX8T. 

Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 


Height  of 
photograph. 


Aug.  38. 
Do. 
Do. 


Mmmeten, 

8.00 

7.76 

10.75 


Height  of 
flame. 


/nehef. 
10.11 
9.79 
13.68 


Duration 
distance. 


Mmmeten, 
8.00 
3.00 
4.60 


Duration  of 
flame. 


MmeeeondM. 
0.150 
.150 
.325 


Average  height  of  flame,  11.16  inches. 
Average  duration  of  flame,  0.175  millisecond. 


Impact  Test. 


Date,  August  20, 1912. 


Dktaaoeof 
teU. 

Number  of 
trials. 

Result. 

DManoeof 
tell. 

Number  of 
trials. 

Result. 

OtfMtiuief9* 
40 
30 
30 
15 
18 

Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

CenUfMter; 
16 
15 
14 
13 

1 
1 

1 
5 

Bxploilon. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centimetera 

(5.12  inches). 

Explosion-bt-Intluencb  Test. 


Weight  of  each  cartridge,  185  grams. 

Date  (1013). 

Distance 
separating 
oartiidges. 

"ssisir 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
oartndge. 

aept7 

Do 

Do 

Do 

Inehee. 

8 
4 
5 
6 

Exploded. 
Do. 
Do. 
Do. 

Sept  7 

Do 

Do 

Do 

Inchea, 

7 
8 

•     1 

Exploded. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  8  inches. 

Thxorbtical  Maxdcttm  Prbssure  Dbvelopbd  in  Own  Volume,  as  Dbtbhminbd 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter»l  kilQgram  per  square  centimeter. 


Date  (1913). 


Aug.  19. 

Do. 
Aug.  30. 

Do. 

Do. 

Do. 

Do. 
Aug.  31. 

Do. 


Charge.a 

Specific 
gravity. 

Hei^tof 
curve. 

Orami. 

MtUimdert. 

311 

L15 

19.50 

311 

1.15 

30.00 

311 

1.15 

30.00 

311 

1.15 

18.35 

311 

1.15 

18.35 

311 

1.15 

18.35 

311 

1.15 

17.35 

311 

1.15 

17.35 

311 

1.15 

17.35 

per  square 
centimeter. 


KUogranu, 
60.94 
63.50 
63.50 
57.08 
57.08 
57.03 
53.91 
53.91 
58.91 


prenuie 
per  square 
centimeter. 


61. 9B 
67.Qa 


c  Including  11  grams  of  the  original  wrapper. 
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TE8T8  OF  PEfilOSSIBLB  BXPLOSTVES. 


Psl.911A-H).5B-1.411C=>70.89  kUogramfl  per  square  centimeter. 
V=«  15,000  cubic  centimeters.        8=1.15.        W:«211  grams. 

M»'^«?«5,796  kilograms  per  square  centimeter  (82,440  pounds  per  square  inch). 

pRomrcTs  OP  CoKBumoK  tuoii  200  Grams  op  ths  EzpLosnrB  and  11  Gbamb  op 

THE  Original  Wrapper. 


Date,  May  1, 1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


QtBms. 

77.9 

Liquid  (water) 21. 7 

Craseous 103.3 

Large  Calories  Devblopbd  by  1  Kilogram  op  the  Explosive. 
Ghaige,  105.5  giains.<> 


Date  (1912). 


Weight 
of  water. 


RJaein 

HiqMn 

tufe. 


Heat  devel- 
oped 
kiloa 


July  26. 
Do. 
Do. 


KUoffrufM. 
81.96 
81.96 
81.96 


0.733 
.721 
.752 


Oileriet. 
641.5 
630.8 
668.3 


g  Taohiding  $Ji  graiaa  of  the  original  wn^pper. 

Average  laige  calories  per  kilogram  of  explosive,  643.5. 

Compression  op  Small  Lead  Blockb. 
Charge,  100  grams. 


Height. 

Date  (1012). 

Before 
ezploskn. 

After 

ezploekm. 

CoppTHMJon. 

• 

Atue.  15 

MUUvuUrg. 
68.25 
68.26 
68.26 

MfXametert. 
61.50 
51.50 
61.75 

JAIHflMlcrt. 
11.75 

T)o:::;::::::::::::::::::::;:::::::::::::::::::::::;::::.: 

11.75 

Do 

11.50 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

or  bore 

hole. 

Tempera- 

Date (1912). 

BefDre 
shot. 

After 
shot. 

ture  of 
block. 

aapt.27 

CtMceenti' 

flUttft. 
62 
62 
62 

CvMccenH- 

181 
188 
184 

Cvbkeenii- 

VUttftm 

119 
121 
122 

16 

^Do.:::::::::::::::;:::::;:::::::::::::::::::::::::: 

16 

Do 

16 

Average  expansion  of  bore  hole,  121  cubic  centimeters  (7.38  cubic  inches). 


BB8ULT8  OP  TESTS. 


146 


FOBT  PITT  HXXn  P<»WDBB  NO.  1. 

Explosive,  Fort  Pitt  mine  powder  No.  1. 
GImb  4,  nitroglycerin. 
MsnulMtuied  by  the  Fort  PiU  Powder  Go. 
Fhyedcal  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Averaige  weight,  173  grams. 

Gartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Golor  of  explosive,  com. 

Gonsistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  balUstic  pendulum: 

Date,  March  21,  1912. 

Unit  swing  on  this  date,  3.59  inches. 

Weight  of  charge,  in  grams,  300,    300,    300. 

Swing,  in  inches,  3.77,    3.67,    3.60. 

Average  swing,  in  inches,  3.68. 

3.68  :  3.69  ::  300  :  (293). 
Therefore  the  unit  deflective  charge  of  Fort  Pitt  mine  powder  No.  1  is  293  grams. 

.  Gas  and  Dust  Gallbry  No.  1. 


Date  (1012). 

Weh^t 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1012). 

WelEht 
diarge. 

Methane 

and 
ethane. 

Itesult. 

TBBTl. 

Mar  01        -  - 

Oram9. 
2» 
203 
203 
203 
298 
298 
293 
203 
203 
293 

803 

298 
203 

Perceni. 
7.77 
7.81 
7.08 
7.76 
8.02 
8.11 
8.00 
7.92 
8.33 
8.46 

No  ijmition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  iimltion. 
Do! 

Test  3— Con, 

Mar.26 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.25 

Do 

Mar.26 

Do 

Do 

• 

Oramt. 
293 
283 
203 
203 
293 
203 
203 

a680 
•  680 
a680 
a680 
a680 

Perceni. 

Noljmition. 
Do. 

Do 

Mar.  22. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tm3. 

Mar.25. 

4.21 
4.25 
3.03 
4.02 
3.00 

No  bmitlon. 

Do! 
Do. 

Do 

Do. 

Do 

•680  grama  or  more  was  used. 
Ratb  of  Dbtonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1012). 

Distanoe 

between 

spark  points. 

P0rf^b0nl 

speed  of  drum 

per  second. 

lUteof 
detonation 
per  second. 

Mfir  oe^ 

liUttmetert. 
13.06 
12.80 
13.00 

Meten, 
44.0 
44.5 
44.5 

Meiert. 
3.372 

Do 

3.477 

Do 

8,428 

Average  rate  of  detonation,  3,424  meters  (11,230  feet)  per  second. 
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TE8TS  OF  PEBMISSIBLE  BXPLOSIVBS. 

t 

Flajcb  Tbst. 


Peripheral  speed  of  film,  20  metera  per  second. 


Date  (1913). 

Height  of 
pbotognph. 

Heli^tof 
flame. 

DnrntJon 

Dantlonor 
flame. 

Ang.28 

liWimeUn, 
11.75 
11.50 
9.50 

Inchet. 
14.84 
14.53 
12.00 

IfOmmeten. 
8.26 
4.00 
8.50 

0.103 

Do 

.200 

Do 

.176 

Average  height  of  flame,  13.79  inches. 
Average  duration  of  flame,  0.179  millisecond. 


Impact  Test. 


Date,  May  17, 1912. 


DiBtanoeof 
ftOL 

Number  of 
trials. 

Result. 

DiBtanoeof 

tan. 

Number  of 
trials. 

Result. 

OentimeUrt. 
26 
20 
15 

1 

1 
1 

EzplosioiL 

*Do. 

Do. 

10 
18 

12 

1 
1 
6 

NoexpkMlon. 
Exploston. 
No  explosion. 

The  maTJiniim  height  at  which  no  explosion  occtus  established  at  12  centimeten 

(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  166  grams. 


Date  (1012). 

Distanoe 
sapamting 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distanoe 
separating 
cartridges. 

R,49Sttlt,  upper 
cartridge. 

Nov.  6 

Do 

Do 

IneKtt, 

8 

4 
5 

Did  not  explode. 
Exploded. 
Do. 

Nov.6 

Do 

Do 

/nckei. 

6 
6 
6 

Didnotexplbde. 
Do.     ^^ 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Dbterminbd 

BY  Bichbl  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeteraei  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.^ 

Specific 
gravity. 

Hd^tof 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimefeer. 

July  26 

QratM. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 

MUlimelert. 
21.75 
22.00 
21.75 
21.00 
21.26 
21.26 
20.00 
20.75 
20.25 

KUoi/ramt. 
67.97 
68.75 
67.97 
66.62 
66.41 
66.41 
62.50 
64.84 
68.28 

A 

A 
A 

B 

B 
B 
C 
C 
C 

ZUofrsuM. 

July  27 

68.38 

July  29 

July  24 

^Do ::.:: :...,: 

66.15 

Do 

July  26 

Do 

68.54 

Do 

a  Indnding  12  granui  of  the  original  wrapper. 
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PeBl.911A+0.5B— 1.411G='73.81  kUograniB  per  eqiiare  centimeter. 
V»15,000  cubic  centimeters.        S=1.04.       ^=212  grams. 

VPS 

M»-yF~='^>431  kilograms  per  square  centimeter  (77,250  pounds  per  square  inch). 

Products  or  Combustion  from  200  Grams  op  thb  Explosive  and  12.6  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Byde.] 


Date,  March  22,  1912. 
SoUd 


Grama. 

62.3 

Liquid  (water) IL  2 

Gaseous 129.5 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 

Charge,  106.5  gramB.<> 


Date  (1913). 


Feb.  10. 
Feb.  13. 
Feb.  14. 


Weight 
of  water. 


Kilograms. 
81.06 
81.06 
81.96 


Rise  in 

temperar 

ture. 


C. 

0.92S 
.896 
.934 


Heat  devel- 
oped per 
kflogram. 


QUoHe*, 
804.0 

777.7 
811.9 


a  Including  6.5  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  797.9. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 


May  18. 
Do. 
Do. 


Height. 


Before 
explosion. 


MUHmetert. 
68.35 
63.35 
63.00 


After 
explosion. 


MUUmetert. 
50.00 
49.50 
49.75 


Compression. 


MUHmeters. 
13.36 
18.75 
13.35 


Average  compression,  13.4  millimeters  (0.53  inch). 

Expansion  op  Bore  Hole  op  Trauel  Lead  Blocks. 
Chazge,  10  grams. 


Date  (1919). 


Sept  27. 
Do.. 
Do.. 


Volume  of  bore  hole. 


Before 
shot. 


CnMceenii- 

meter: 

62 

62 

63 


After 
shot. 


CvMceenH- 
meters. 
385 
386 
338 


Expansion 

of  bore 

hole. 


CuMecenti- 
meten, 
178 
174 
168 


Tempera- 
ture of 
block. 


•e. 


15 
15 
15 


Average  expansion  of  bore  hole,  172  cubic  centimeters  (10.49  cubic  inches). 
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TESTS  OF  PEBMIS8IBLB  BXPL0SIVB8. 


FOXL-Cn  HO.  1. 

Exploflure,  Fuel-ite  No.  1. 

GImb  4,  nitroglycerin. 

Manu&ictured  by  the  Burton  Powder  Go. 

Fbysical  examination: 

Diameter  of  cartridge,  1\  indiee. 

Length  of  cartridge,  8  inches. 

Average  weight,  180  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.10. 

Golor  of  explosive,  com. 

Gonsistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  x>enduhun: 

Date,  June  19, 1911. 

Unit  swing  on  this  date,  2.98  inches. 

Weight  of  charge,  in  grams,  280,    280,    280. 

Swing,  in  inches,  2.97,    2.86,    2.86. 

Average  swing,  in  inches,  2.90. 

2.90  :  2.98  ::  280  :  (288). 
Therefore  the  unit  deflective  charge  of  Fuel-ite  No.  1  is  288  grams. 

Gas  and  Dust  Gallbbt  No.  1. 


Date  (1911). 

Wei^t 
duurge. 

Methane 

and 
ethane. 

Renlt. 

Date  (1011). 

charge. 

Methane 

and 
ethane. 

Renlt. 

TXSTl. 

June 20. . . .. . 

Ormm. 
288 
288 
288 
288 
288 
288 
288 
288 
288 
288 

288 

288 
288 

Per  cent. 
8.01 
7.87 
7.85 
8.18 
8.26 
7.06 
8.12 
8.05 
8.10 
8.46 

Nolfmition. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

NoinUtlon. 
Do! 

Test  3— Con. 

June  24 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

TB8T4. 

June  28 

Do 

Do 

Do 

June  29 

• 

Ortum. 
288 
288 
288 
288 
288 
288 
288 
288 

•  680 

•  680 

•  680 

•  680 

•  680 

Percent. 

no  IgnltMO. 

June  21 

SSo. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Junaao 

TcmS. 

June  24 

8.95 
8.82 
S.95 
S.87 
8.87 

Nolfmitlon. 
Do! 

Do 

Do. 

Do 

Do. 

•  680  grams  or  more  was  used. 
RaTB  op  DBTONAnON. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


June  18 

June  14, 

Do. 


DiBtanee 

between 

spark  points. 


MWimetert. 
14.04 
16.06 
16.26 


Per^dienl 

speed  of  dmm 

per  second. 


Meter9. 
48.00 
61.78 
61.00 


Rate  of 

detoDatioo 
perseoood. 


Mdert, 
tfUB 


Average  rate  of  detonation,  3,400  meters  (11,160  feet)  per  second. 
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FLAm  Tmt. 


Peiiphend  speed  of  film, 

20  meters  per  second. 

Date  (1012). 

Heii^tof 
l^ioivapfeL 

Heii^tof 

Duration 

Duration  of 

Ian.  2 

. 

Mtmmet€n, 
2L18 
10.26 
28.60 

Jneket. 
27.47 
20.68 
20.08 

10.60 

&26 

13.78 

ilUHMMMMto. 

0.686 

Do 

.412 

Do 

.088 

Avenge  height  of  flame,  25.89  inches. 
Avenge  duration  of  flame,  0.525  millisecond. 


Date,  December  28, 1911. 


Impact  Txst. 


Dtrtanoeof 
JUL 

Number  of 
Mik. 

B«iult. 

Dktanoeof 
tiU. 

Number  of 
triata. 

Resolt. 

30 
12 
13 
14 

1 

1 
1 
1 

Explosion. 
MoQKpksion. 

Da 

Do. 

18 
10 
10 
16 

1 
2 

1 
6 

Ezplosioii. 
NoeacpkMion. 
Bzpldaion. 
Noeacpioaion. 

The  maTJmum  height  at  which  no  aiploaon  oocun  eotablished  at  15  centimeten 
(5.91  inches). 

£ZFLO0ION-BT-Iim.VSNCS  TS8T. 


Weight  of  each  cartridge,  ISO  gmme. 

•  • 

Date  (1912). 

Dktanoe 
aepaiating 
cartridgea. 

"sfesr 

Date  (1012). 

DManee 
separating 
cartridgea. 

R-o^ngp- 

Jan.  19 

Do 

Do 

Da 

JVOMV. 

2 
3 

4 
4 

Explodad. 

Do. 
Did  not  explode. 
Si^iodad. 

Jan.  19 

Do 

I>o 

Inekei. 

6 
6 
6 

Didnotexploda. 
Do. 
Do. 

The  wiiniTniim  distance  at  which  no  explosion  occurs  estabUshed  at  5  inches. 
Thxorbtical  Mazimxtm  Prbbsubb  DavBifOPBD  IN  Own  VouncB,  aa  Dbtbbminbd 

BT  BiCHBL  PbBSSUBB  GaOB. 


Indicator  spring,  0.32  millimeterail 

kilogram  per  square  centimeter. 

• 

Date  (1011). 

(Thaffia.* 

Speoiflo 
parity. 

Heii^tof 
onrve. 

PreaBore 
per  square 
centimeter. 

CooUng 
sorfeoe. 

Avenge 

prenoia 

per  square 

centimeter. 

Nov.  21 

vraaif. 
317 
317 
217 
217 
317 
317 
317 
217 
317 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

MUUmetin, 
33.36 
33.60 
28.26 
21.60 
21.76 
21.76 
20.00 
20.00 
20.76 

EUoanmt. 
09.63 
70.31 
72.00 
07.19 
07.97 
07.97 
02.60 
02.60 
04.84 

A 
A 
A 
B 
B 
B 
C 

c 
c 

KOogmiu, 

Do 

70.81 

Do 

Nov.  39 

Nov.  31 

07.71 

Do 

Nov.  10 

Do 

08.28 

^ImV*  17  m»*.-- * - -,-_..-. -- 

1 

•Including  17  grame  of  the  original  wnpper. 
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TESTS  OF  PERMISSIBLE  fiXPLOSIVfiS. 


P«1.911A+0.5B -1.4110=79.92  kilogiams  per  square  centimeter. 

V=15,000  cubic  centimeterB.        8=1.10.        W=217  giams. 

VPS 
M=JL-^s6,077  kUogramB  per  square  centimeter  (86,440  pounds  per  square  inch). 


Pboducts  of  Combustion  from  200  Grams  or  the  Exflosiyb  and  17  Grams  of 

TEB  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 
Date,  July  12,  1911. 

Solid 70.6 

Liquid  (water) 10.6 

Gaseous 126.8 

Large  Calories  Developed  bt  1  Kilogram  of  the  Exflosiyb. 

Ohaige,  108.5  giams.o 


Date  (1012). 


Welfl^t 
of  water. 


RJaeln 

tempttap 

tme. 


Heatdere^ 
MMdper 
kuogram. 


Jan.  28. 

Do. 

Jan.  24. 


IRIoanm$. 
81.06 
81.05 
81.05 


0.806 


.782 


COorit*, 
888.4 
700.5 
688.0 


a  InoludlDg  8.6  siame  of  the  original  wrapper. 

Average  laige  calories  per  kilogram  of  explosive,  685.0. 

Compression  of  Small  Lead  Blooks. 
Chaige,  100  grams. 


Date  (1911). 

Height. 

Before 
erosion. 

After 
ezplaekm. 

Ckunpfeasion. 

Nov.  21 , 

MOUmeten, 
83.60 
88.50 
83.50 

MUttmeten. 
49.26 
40.00 
49.00 

MaUmeten. 
14.25 

Do....: 

14.60 

Do 

.......... 

14.60 

Average  compression,  14.4  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1011). 


Sept.  13. 
Do.. 
Do.. 


Vohune  of  bore  hole. 


Betofe 
shot. 


CutHeeefiH- 
meters. 
68 
88 
83 


Alter 
shot. 


CtMeeefM- 
meter*. 


Ezpanskm 

01  bore 

hole. 


CtMeeenti- 
metere. 
185 
188 
186 


tore  of 
bloek. 


•C. 


16 
16 
15 


Average  expansion  of  bore  hole,  164  cubic  centimeters  (10.0  cubic  inches). 
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Explosive,  Fuel'ite  No.  2. 

Glaas  4y  nitroglycerin. 

Mamifactored  by  the  Bmton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  168  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  June  19, 1911. 

Unit  swing  on  this  date,  2.98  inches. 

Weight  of  chaige,  in  grams,  305,    305,    305. 

Swing,  in  inches,  3.12,    3.13,    3.17. 

Average  swing,  in  inches,  3.14. 

3.14  :  2.98  :  :  305  :  (289). 
Therefore  the  unit  deflective  chaige  of  Fuel-ite  No.  2  is  289  grams. 

Gas  and  Dust  Gallbbt  No.  1. 


Ditto  (1911). 

chttrge. 

MoUlBllo 

And 
ethane. 

Remit. 

Date  (1011). 

Wei^t 
charge. 

Methane 

and 
ethane. 

ReBOlt. 

Tml. 
Jixne2Kl.T... 

Oramt, 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 

280 
280 
280 

Peretnt, 
7.07 
8.04 
8.23 
8.U 
8.04 
8.10 
8.37 
7.96 
8.01 
7.80 

Noisnltkni. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Nobmltion. 
Do! 

Tiai  3— Con. 

Jnne  20 

Do 

Do 

Do 

Do 

Do 

Do 

Tbst  4. 

Junes? 

Do 

Do 

Do 

Do 

Orrnnt, 
289 
280 
289 
289 
280 
289 
280 

0080 
0680 

•mo 

•680 
•680 

Pereeni, 

No  Ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

July  31 

TB8T3. 
7nn0  98i..^i . . 

4.02 
3.04 
3.92 
3.08 
3.83 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

•680  grama  or  man  was  uaed. 
Ratb  or  Dbtonatiom. 


Diameter  of  cartridge,  1}  inches. 
Electric  detomttor,  No.  7. 


Date  (1911). 


JimalO 
Do. 
Do. 


DiBtanto 

between 

spark  points. 


MimmeUrt. 
17.54 
17.34 
17.18 


Peripheral 

speed  of  drum 

per  second. 


lietert. 
43.60 
43.60 
43.60 


Rate  of 
detonation 
per  second. 


MeUrt. 

3,480 
3,533 
3,533 


Avenge  rate  of  detonation,  2,512  meters  (8,240  feet)  per  second. 
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TBSTS  OF  PBBMI8SIBLB  BXPL0SIVB8. 


Peripheral  speed  of  film,  20  metere  per  Becond. 


Date  (1011). 


pliotogiaptL 


Sept.  11. 
Do. 
Do. 


MUlimeUrt, 
S.7B 
8.75 
8.00 


flume. 


Jiuku. 
11.01 
11.06 
10.10 


DumtlHi 
distance. 


4.00 
Z.T& 
3.75 


liimweeondt 
0. 


Average  height  of  flame,  10.73  inches. 
Average  duration  of  flame,  0.192  millisecond. 


Impact  Tsst. 


Date,  December  28, 1911. 


DiBtanoeof 
ML 

Number  of 
triab. 

Result. 

Dfetaneeor 
fun. 

NoAberoT 

triab. 

Result. 

CenHmden. 
20 
18 
16 
17 
16 

EzpkMloD. 

No  expkMion. 
EzploBkuL 
Do. 

CmttmeUr: 
16 
14 
14 
13 

1 
8 

1 
5 

ExploskUL 
Mocsjkloaioii. 
Expkwkm. 
No  ezploskm. 

The  wiftTimnm  hci^^t  at  which  no  explosion  occurs  estaUiahed  at  IS  centimeterB 
(5.12  inches). 

Explosion-bt-Intlubncb  Tbbt. 

Wei^^t  of  each  cartridge,  168  grams. 


Date  (1012). 

DJstanoe 
sapamtiDg 
oartrJdges. 

Result,  upper 
cartridge. 

Date  (1012). 

DIMnoe 

sepaiating 
GBitridges. 

Result,  upper 
cartridge. 

Jan.  10 

Do 

Do 

4 
S 
2 

Did  not  explode. 
Do. 
Do. 

Jan.  10 

Do 

Do 

1 
2 
2 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  estabUshed  at  2  inches. 
Thsobbtical  Maximum  Pbessubb  Developed  in  Own  Volume,  as  Dbterminbd 

BT  BnEHBL  PbB88USB  GaOE. 

Indicator  spring,  0.32  millimeteml  kiiogtam  per  square  centimeter. 


Date  (1011). 


Not.  22 

Qf9im». 
217 

Do 

217 

Do 

217 

Nov.  98 

217 

Do 

217 

Nov.  84 

217 

Do 

217 

Do 

217 

Do 

217 

Charge.« 


Speelflc 
gravity. 


1.02 
1.09 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 


Heil^tof 
curve. 


IflSiiiMtefs. 
20.00 
20.00 
10.60 
.  10.50 
18.75 
10.26 
18.60 
18.00 
17.75 


per  square 
centimeter. 


xnoaroiM. 
63.60 
68.80 
60.04 
60.04 
68.60 
60.16 
67.81 
56.25 
66.47 


Ooiliiig 


A 
A 
A 

B 
B 

B 
C 
C 

c 


Average 
per  square 


1 


«1.08 

60.00 
6<L51 


»  Jncludtpg  17  grams  of  tllO  original  wrapper, 
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P=1.911A+0.5B-1.411C»68.66  kilogranw  per  square  centimeter. 

V»15,000  cubic  centiLmeters.        S=1.02.       W»217  grams. 

VPS 
M=-.^=-»4,841  Idlograms  persquare  centimeter  (68,860  pounds  per  square  inch). 

Products  of  Combustion  fbom  200  Grams  op  thr  Ezflosivb  and  17  Grams  of 

THB  Original  Wrappbr. 


Date,  July  13, 1911. 
SoHd 


[Analyst,  A.  L.  Hyde.] 


Qranuu 

8a  9 

Liquid  (water) 8.2 

Gaseous 123.0 

Larob  Calories  Dbvbloped  by  1  Kilogram  of  the  Explosive. 

Charge,  106.5  grams.fi 


Date  (1912). 


Jan.  25. 
Do. 
Do. 


Weight 
of  water. 


Kiloffmms. 
81.06 
81.06 
81.06 


Rise  in 

uBpei 

tore. 


0. 


.780 
.788 


Heat  devel- 
ooedper 
oiogiam. 


OaUfHet, 
610.2 
673.0 
671.2 


a  Indoding  8.6  grama  of  the  orlgfaial  wrapper. 

Avenge  large  calories  per  kilogram  of  explosive,  677.5. 

Compression  of  Small  Lbad  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1011). 

Before 
explosion. 

After 
explosion. 

Compraarion. 

Nov.  SI 

MUUmeUn. 
63.50 
63.25 
63.50 

MUUmtten. 
53.50 
58.50 
53.75 

Mmtmetm. 
10.00 

Do 

9.76 

Do 

9.75 

Average  compression,  9.8  millimeters  (0.39  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lbad  Blocks. 
Chaige,  10  grams. 


Date  (1011). 


13. 
Do.. 
Do.. 


Volume  of  bore  hole. 

Expansioo 

of  bore 

hole. 

Before 
shot. 

After 
shot. 

Cybkeenti- 
meter*. 
63 
63 
63 

CtMeeenti- 
meten, 
106 
100 
200 

CvJbkeenti- 

meten. 

133 

136 

137 

Tempera- 
ture of 
block. 


•C. 


16 
16 
15 


Avenge  expansion  ol  boie  hole,  135  cubic  centimeters  (8.24  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


FUBL-n!B  KO.  3. 

Explosive,  Fuel-ite  No.  3. 

Glass  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Burton  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  145  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.91. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  June  19, 1911. 

Unit  swing  on  this  date,  2.98  inches. 

Weight  of  charge,  in  grams,  225,    225,    225. 

Swing,  in  inches,  3.05,    3.17,    3.14. 

Average  swing,  in  inches,  3.12. 

3.12  :  2.98  : :  225  :  (215). 
Therefore  the  unit  deflective  charge  of  Fuel-ite  No.  3  is  215  grams. 

Gas  and  Dust  Qallert  No.  1. 


Date  (1911). 

Weteht 
charge 

Methane 

and 
ethane. 

Reeolt. 

Date  (1011). 

Wddit 
charge. 

Methane 

and 
ethane. 

Remit. 

Tsar  1. 
June  23 

Oramt. 
215 
215 
215 
215 
215 
215 
215 
215 
215 
215 

215 
215 
215 

Pereeni. 
8.06 
8.05 
8.02 
8.25 
8.00 
7.82 
8.07 
8.14 
7.04 
7.85 

Noimitlan. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

NoUmltion. 
Do! 

Test  3— Con. 

June  26 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

June  20 

Do 

Do 

Do 

Do 

Gronw. 
216 
215 
216 
216 
216 
216 
216 

•680 

•  680 
•680 

•  680 
•680 

Percent. 

NoLmitioQ. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tests. 

June  26 ..... . 

8.88 
8.84 
8.81 
4.12 
3.87 

NolmitSon. 

Do! 
Do 

Do 

Do 

Do 

•  680  grams  or  more  was  used. 

Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


• 

Date  (1911). 

DiBtanoe 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  19 

MWinuUrt. 
16.83 
16.65 
16.85 

MeUrt. 

48.60 
48.50 
43.60 

Meten. 

2,686 
2,618 
2,661 

Do 

Do 

Average  rate  of  detonation,  2,620  meters  (8,590  feet)  per  second. 


BESULTS  OF   TESTS. 
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Flame  Tbst. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1012). 

Height  of 
photograph. 

Heigfator 

Dantlon 
distance. 

Duration  of 
flame. 

Jan.  2 

Mmmeten. 
14.00 
18.25 
18.75 

17.08 
23.05 
23.08 

JiVttmeten. 
5.25 
7.00 
7.00 

MWiaeeimdt. 
0.2Q3 

I>o 

.350 

Do 

.380 

Average  height  of  flame,  21.47  inches. 
Average  duration  of  flame,  0.321  millisecond. 


Impact  Test. 


Date,  January  10, 1912. 


Distance  of 
ML 

Nnmber  of 
triab. 

Result. 

DiBtanoeof 
fiill. 

Nnmber  of 
trials. 

Result 

CewHMttert. 
90 
30 
25 

1 
1 
1 

No  explosion. 
Ezploskm. 
Do. 

CtnUmeters. 
28 
22 

1 
5 

Explosion. 
No  explosion. 

The  mftxiniiim  height  at  which  no  explosion  occurs  established  at  22  centimeters 
(8.66  inches). 

Explobion-by-Influence  Test. 

Weight  of  each  cartridge,  146  grams. 


Data  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1012). 

Distance 
separating 
cartridges. 

"sste- 

Feb.  8 

Do 

/fidkes. 

2 

1 

Did  not  explode. 
Exploded. 

Feb.  8 

Do 

Inehet, 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Not.  20. 

Do.. 

Do. 
Decl.. 

Do. 

Do. 

Do. 

Do. 
Dec,  2.. 


Date  (1911). 


(3iarge.a 

Spedflc 
gravity. 

(TraiRs. 

220 

0.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.01 

Height  of 
curve. 


BiiUimHert. 
81.25 
31.00 
30.00 
29.60 
29.75 
29.00 
28.00 
27.60 
28.00 


Pressure 
per  square 
centimeter. 


Coolisg 
surface. 


jnioffrsias. 
97.64 
96.87 
93.75 
92.19 
92.97 
00.63 
87.60 
85.93 
87.60 


a  Including  20  grams  of  the  original  wrapper. 
91853*>— BulL  66—13 11 


A 
A 

A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


96.09 
91. 9B 

86.96 
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TESTS  OF  PERMISSIBLE   EXPLOSIVES. 


P=l  .911A+0.5B  -1.4110=104.66  kilograms  per  square  centimeter. 

V—15,000 cubic  centimeters.        S=»0.91.        W«220gram8. 

VPS 
M =-^^=6,630  kilograms  per  square  centimeter  (94,310  pounds  per  square  inch ) . 

Products  of  Combustion  from  200  Grams  of  the  Ezplosivb  and  20  Grams  of 

THB  Original  Wrapper. 


Date,  July  14,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Liquid  (water). 
Gaseous 


Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 


Grains. 
16.3 
64.0 

190.0 


Charge,  110.0  grams.o 


Date  (1912). 


Jan.  25. 

Jan.  36. 

Do. 


Weight 
of  water. 


Kilogram9. 
81.95 
81.95 
81.95 


Rise  in 
tempera- 
tore. 


'C. 
1.203 
1.210 
1.187 


Heat  derel- 
oped  per 
kilograzn. 


Cttiarie: 
1,014.7 
1,C20.7 
1,001.1 


a  Including  10  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,012.2. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grains. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Nov.  21 

Mmimetnt. 
63.50 
63.50 
63.50 

Mmmaen. 
50.25 
60.00 
50.25 

MUUmeUn, 
13  25 

Do 

13  50 

Nov.  28 

13  2S 

Average  compression ,  13.3  millimeters  (0.52  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


- 

Volume  of  bore  hole. 

Ezpanslon 

or  bore 

hole. 

Temp«iim- 

Date  (1912). 

Before 
shol. 

After 
shot. 

lure  of 
blork. 

Jan.  16 

CitbiecefUl' 

meten. 

62 

62 

62 

CulnecefUi' 

346 
338 
348 

Cubkeenti- 
mettrt, 
284 
276 

286 

18 

Do 

20 

Do 

16 

Average  expansion  of  bore  hole,  282  cubic  centimeters  (17.20  cubic  inches). 


BBSULTS  OF  TESTS. 


157 


OIANT  A  LOW-FLAXB  DYNAMITE. 

Explosive,  Giant  A  low-flame  dynamite. 

Class  2,  hydrated. 

Mann&ctured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  216  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.27. 

Color  of  explosive,  com. 

Consistency,  granular,  coarse,  wet,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  July  1, 1909. 

Unit  swing  on  this  date,  2.89  inches. 

Weight  of  chaige,  in  grams,  350,    350,    350. 

Swing,  in  inches,  3.04,    3.02,    2.94. 

Average  swing,  in  inches,  3.00. 

3.00  :  2.89  : :  350  :  (337). 
Therefore  the  unit  deflective  chaige  of  Giant  A  low-flame  dynamite  is  337  grams. 

Gas  and  Dust  Gallery  No.  1. 


I>At«(1900). 


TMTl. 

Julyi 

Do.... 

Do...- 
Julyl..... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

TbR  3. 

July  3 

Do 

Do.... 


W-jtt 

Methane 
and 

charge. 

ethane. 

OfBMM. 

PereefU, 

337 

8.11 

337 

8.11 

337 

8.06 

337 

8.11 

337 

8.23 

337 

8.33 

337 

7.g7 

337 

8.06 

337 

8.06 

837 

8.06 

337 
337 
837 

Result. 


No  ignition. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  taiition. 

DO. 

Do. 


Date  (1000). 


Test  3 — Con 

July  3 

Do 

Do 

Do 

July  6 

Do 

Do 

Test  4. 

Julyl 

Do 

Do 

Do 

Do 


Wei^t 

Methane 

of 

and 

charge. 

ethane. 

CfntM. 

Percent. 

337 
337 
337 
337 
337 
337 
337 

0680 

3.95 

0680 

4.03 

O680 

3.05 

O680 

4.02 

«680 

4.11 

Result. 


No  icnltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Noienltloin* 


kmlj 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 
Ratb  of  Dbtonation. 


Diameter  of  cartridge,  H  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Aug.  25. 
Aug.  38. 


Distance 

between 

spwk  points. 


MiUimeUre. 
17.30 
17.31 
17.38 


Periphenl 

speed  of  dram 

per  second. 


Rate  of 
detonation 
per  second. 


MeUrt, 
3,486 
2,484 
3,474 


Avenge  rate  of  detonation,  2,481  meters  (8,140  feet)  per  second. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Flajce  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

HetKbtof 
photograph. 

Bef^of 
flame. 

Doitttian 

DamtJonor 

flamA. 

Mar.  30 

MUUmeten, 
15.25 
14.50 
16.50 

IntAes, 
10.M 
18.32 
20.84 

Jfmmeten. 
8.50 
0.25 
9.25 

Do 

S12 

Do 

.4A2 

Average  height  of  flame,  19.47  inches. 
Average  duration  of  flame,  0.400  millisecond. 

Impact  Test. 
Date,  May  2,  1910. 

Distance  of 
fall. 

Kumbei  of 
trials. 

1 
Result. 

Distance  of 
ML 

Number  of 
trials. 

Result. 

CenUmeten. 
10 
20 

1 
1 

* 

No  explosion. 
Explosion. 

CenUnuters. 
18 
19 

1 
5 

No  explosion. 
DoT 

The  maximum  height  at  which  no  explosion  occurs  established  at  19  centimeters 
(7.48  inches). 

Explosion-bt-Influbncb  Test. 

Weight  of  each  cartridge,  214  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1013). 

Distance 
oaraiages. 

"ste* 

Jan.  31 

Do 

Do 

Do 

Do 

Do 

Do 

Feb.  12 

Inehet. 

6 

4 
3 
4 
5 
6 
7 
8 

Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 

Do. 

Do. 

Do. 

Feb.  12 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Inchtt. 

9 
14 
11 
13 
12 
12 
13 
13 

Exploded. 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Do. 
Exploded. 
Did  not  explode. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  extablished  at  13  inches. 

THEORETICA.L  MAXIMUM   PRESSURE   DEVELOPED  IN   OWN  VoLUME,  AS  DeTERMINKD 

BY  BiCHEL  Pressure  Gage. 
Indicator  Hpring,  0.32  millimeter^l  kilogram  per  square  centimeter. 


Date  (1913). 


Feb.  5.. 
Feb.  6.. 

Do. 
Feb.5.. 

Do. 

Do. 

Do. 

Do. 

Do. 


Chargco 


Oramt. 
214 
214 
214 
214 
214 
214 
214 
214 
214 


Specific 
gravity. 


1.33 
1.83 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 


Height  of 
curve. 


MUlimetert. 
19.25 
19.75 
20.00 
18.75 
18.75 
18.75 
19.00 
18.76 
18.50 


persquare.  SSJj 
csnUmeter.   «*'*^ 


KUoffnini. 
00.10 
01.72 
62.50 
58.60 
58.50 

50.38 
58.60 
57.81 


A 

A 
A 
B 
B 
B 
C 
C 
C 


Av 


persquare 
centimeter. 


01. 46 
88.50 

5S.59 


•  Including  14  grams  of  the  original  wrapper. 


BSaULTS  OP  TESTS. 
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Psl.91lA+0.6B  -1.411C>"64.(>7  kilogiuns  per  square  centimeter. 

V=sl6,000  cubic  centimetew.        S=l  .33.        \V=214  grams. 

VPS 
M^s  -^^=5,973  kilograms  per  square  centimeter  (84,960  pounds  per  square  inch). 

w 

Products  of  Combustion  prom  200  Grams  of  the  Exflosiyb  and  14  Grams  of 

THE  Original  Wrappsr. 


[Analyst,  A.  L.  Hyde.] 


Date,  February  7, 1913. 
Solid 


Qrams. 
.  83.4 


Liquid  (water) 17. 1 

Gaseous 96. 3 

Large  Calories  Developed  bt  1  Kilogram  op  the  Explosive. 


Chaige,  107.0  grams.a 


Date  (1913). 


Feb.  3. 
Do. 
Do. 


Weight 
of  water. 


Kilognmt. 
81.96 
81.05 
81.06 


Rbein 

temperor 

tnre. 


0.772 
.801 
.764 


Heat  devel- 
oped p«r 
kflogram. 


CatorUs. 
666.6 
601.0 
660.5 


•iBduding  7  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  672.6. 

Compression  of  Small  Lead  Blocks. 
Change,  100  grams. 


Height. 

Data  (1900). 

Before 
explosion. 

Altw 

explosion. 

Compression. 

July  7 

64.00 
64.00 
64.00 

lammeten. 
52.60 
52.00 
52.50 

MOHmeten. 
11.50 

Do 

12.00 

Do 

11.50 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grains. 


Date  (1010). 


Mar.  10. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


CvMeeenH- 
mdert. 
62 

62 
62 


After 
shot. 


CvMe  eenti- 

mdert. 

214 

210 

208 


Expansion 

01  bore 

hole. 


Cubic  eetUi- 

mdert. 

162 

148 

146 


Tempera- 
ture of 
block. 


•C. 


16 

15 
15 


Average  expansion  of  bore  hole,  149  cubic  centimeters  (9.09  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


GIANT  B  LOW-FLAMB  DYNAHTTB. 

Explosive,  Giant  B  low-flame  dynamite. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  H  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  237  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.35. 

Color  of  explosive,  com. 

Consistency,  granular,  coarae,  wet,  hard,  moderately  cohesive. 
Unit  deflective  chai^ge  as  determined  by  the  ballistic  pendulum: 

Date,  July  1,  1909. 

Unit  swing  on  this  date,  2.89. 

Weight  of  charge,  in  grams,  350,    350,    350. 

Swing,  in  inches,  2.77,    2.72,    2.76. 

Average  swing,  in  inches,  2.75. 

2.75  :  2.89  : :  350  :  (368). 
Therefore  the  unit  deflective  charge  of  Giant  B  low-flame  dynamite  is  368  granui. 

Gas  and  Dust  Gallery  No.  1. 


Date  (IWQ). 

Weight 
charge. 

Methane 

and 
ethane. 

Remilt. 

Date  (1909). 

Wek;ht 
ohaiiKe. 

Methane 
and 

Result. 

Test  1. 

July  6 

Do 

Oramt. 
368 
368 
868 
368 
368 
368 
368 
868 
868 
368 

868 

368 
368 

Percent. 
?.»? 
8.22 
8.06 
7.88 
7.88 
7.88 
7.79 
7.96 
7.94 
7.79 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  toiitibn. 
Do. 
Do. 

> 

Test  3— Con. 

July? 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

July  6 

July  15 

Do 

Do 

Do 

1 

Orsiiw. 
368 
368 
868 
368 
368 
368 
368 

a680 
0680 
0680 
0680 
0680 

Percent. 

NoipJtioa. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

July? 

Do 

3.95 
4.25 
4.00 
4.00 
4.1? 

Noisnition. 

Do! 
Do. 

Do. 

Do 

o  680  grams  or  more  was  med. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1909). 


Act^^as... 

DO.a* 

Septa... 


Distance 

between 

spark  pohits. 


UUUmeUrs, 
15.47 
15.48 
15.57 


Peripheral 

speed  of  drum 

per  second. 


MeUrt, 
43.0 
43.0 
48.0 


Rate  of 
detoBiation 
per  second. 


MeUrt. 

2,780 
3,778 
3, 703 


Average  rate  of  detonation,  2,773  meters  (9,100  feet)  per  second. 


RESULTS  OP  TESTS. 
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Flamr  Test. 
Peripheral  npeed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photojiimph. 

Height  of 
flane. 

Duration 
distance. 

Dnntlonof 
flame. 

Mar.  20 

MUUmetert. 
16.00 
13.50 
18.50 

/nchet. 
20.21 
17.06 
23.37 

Mmmeten, 
7.50 
8.26 
9.75 

MUUteetmit. 
0.375 
412 

J>o 

Do 

4M 

Average  height  of  flame,  20.21  inches. 
Average  duration  of  flame,  0.425  millisecond. 


Date,  May  2,  1910. 


Impact  Test. 


Distence  of 
telL 


CentimeUre. 
20 
30 


Ntimbef  of 
trials. 


1 

1 
1 


Result. 


No  explosion. 
Explosion. 
No  explosion. 


Distanoe  of 
telL 


CetMmtten. 
88 

29 


Numbn*  of 
triah. 


1 

5 


Result. 


No  explosion. 
Do. 


The  maximum  hei^t  at  which  no  explosion  occurs  established  at  29  centimeters 

(11.42  inches). 

Explosion-bt-Influbncb  Test. 

Weight  of  each  cartridge,  224  grams. 


I>ate(1918). 

Distanoe 
separating 
oartridges. 

Result,  upper 

Date  (1913). 

Distanoe 
separating 
oartridges. 

ResuU,  upper 
cartridge. 

Jaiu31 

Do 

Do 

Do 

Feb.l 

Do 

/nchet. 

6 
10 
14 
18 
16 
15 

Exploded.      . 

Do. 

Do. 
Did  not  explode. 

Do. 
Exploded. 

Peb.l 

Feb.  11 

Do 

Do 

Do 

'l6 
17 
17 
18 
18 

Exploded. 
Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  18  inches. 

Theorbtigal  MAxnruM  Prbssurb  Devbloped  in  Own  Volume,  as  Dbtbrminbd 

BT  BicHBL  Pressure  Gaob. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1918). 

Charge.a 

Speoiflo 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 

Averags 
pressors 

centunetsb 

Feb.  6 

(Trvint. 
213 
213 
218 
218 
213 
213 
213 
218 
218 

1.39 
1.39 
1.39 
1.39 
1.39 
L89 
1.89 
1.89 
1.39 

HiUUmeUn. 
17.74 
18.26 
17.76 
16.26 
16.00 
16.26 
15.75 
15.75 
15.75 

KUognme. 
6&47 

57.08 
66.47 
50.78 
60.00 
50.78 
49.22 
40.22 
49.22 

A 
A 
A 

i 

B 
C 
C 
C 

irHofrmms, 

Do 

55.99 

Do 

Do 

Do 

5a52 

Feb.  7. 

Do 

Do 

40.22 

Do 

•  iBolnflIng  13  grams  of  the  original  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


P=:1.911A+0.5B-1.411C=62.81  kilo^am^  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.39.        W=213  grams. 

VPS 
M=-~- ==6,148  kilograms  per  square  centimeter  (87,440  pounds  per  square  inch). 

Products  of  Combustion  prom  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 


[Analyst  A.  L.  Hyde.] 


Date,  February  10,  1913. 
Solid 


GiBins. 
.  6L8 


Liquid  (water) 36. 1 

Gaseous 91.  5 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Uale  (1909). 


Height. 


Before 
explosion. 


July?. 
Do. 
Do. 


MiUimeter*. 
64.00 
64.00 
64.00 


After 
explosion. 


MUUmeten. 
51.80 
£2.00 
52.00 


Compression. 


liUUmeterf. 
12.20 
12.00 
12.00 


Average  compression,  12.1  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1910). 


Mar.  19. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


CubieeefUi- 

metera. 

62 

62 

62 


After 
shot. 


Cubic  eerUi- 
meUn. 
200 

204 
200 


Expansioii 

oibore 

hole. 


CvMtcenti- 
meUrs. 
13» 
142 

138 


Tempera- 
ture of 
block. 


*C. 


15 
15 

15 


Average  expansion  of  here  hole,  139  cubic  centimeters  (8.48  cubic  inches). 

GIANT  C  LOW-FLAMB  DYNAIOTB. 

Explosive,  Giant  C  low>flame  dynamite. 

Clafl8  2^hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examinatioA: 

Diameter  of  cartridge,  1|  inches. 

Length  <^  cartridge,  8  inches. 

Average  weight,  274  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.56. 

Color  of  explosive,  drab. 

Consistency,  granular,  coarse,  wet,  soft,  moderately  cohesive. 


RESULTS  OP  TESTS. 
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Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum* 

Date,  July  2,  1909. 

Unit  swing  on  this  date,  2.89. 

Weight  of  chaige,  in  grams,  310,    310,    310. 

Swing,  in  inches,  3.04,    2.94,    2.99. 

Average  swing,  in  inches,  2.99. 

2.99  :  2.89  : :  310  :  (300)- 
Therefore  the  unit  deflective  charge  of  Giant  C  low-flame  dynamite  is  300  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1900). 


Test  1. 

Julys 

Do..  . 
Do.... 
Do.... 
Do... 
Do.... 
Do.... 
Do.... 
Do.... 
Do...- 

Tkst3. 

Julys 

Do.... 
Do.... 


Weight 

Methane 
and 

charge. 

ethane. 

Oram*. 

Percent. 

30O 

7.90 

300 

8.13 

300 

7.96 

800 

7.9e 

300 

8.13 

300 

8.30 

800 

7.96 

300 

7.79 

300 

8.13 

300 

7.96 

300 

300 
300 

Result. 


No  Ignition. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1900). 


Test  3— Con 

Jiily  8 

Do 

Do 

Do 

July  9 

Do 

Do 

Test  4. 

July  8 

July  16 

Do 

July  16 

Do 


Weteht 

Methane 
and 

charge. 

ethane. 

Qranu. 

Percent. 

300 

300 
300 
300 

300 

300 

300 
a680 

3.07 

a680 

4.17 

0680 

4.17 

a680 

4.17 

0680 

4.09 

Remit. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


NoimitioiL 
Do. 
Do. 
Do. 
Do. 


a  680  grems  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 


Ang.  26 
Aug.  27. 
Oct.  9. . 


Dbtanoe 

between 

spark  points. 


MUUmeten. 
16.66 
16.06 
16.16 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
43.0 
43.0 
43.0 


Rate  Of 
detonation 
perseooDd. 


Meters. 
2,765 
2,079 
2,063 


Average  rate  of  detonation,  2,702  meters  (8,860  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photogiaph. 

Height  of 
flamei 

Duration 
diiUuiM. 

Duration  of 
liaiiM. 

»'•'».... 

MUMmsUrs. 
18.50 
22.00 
20.36 

Inches. 
23.37 
27.79 
25.58 

MHOmelsrs. 
9.50 
9.75 
10.25 

iflfffiflrowftL 

0.471 

Do 

.488 
619 

Do 

Average  height  of  flame,  25.58  inches. 
Average  duiation  of  flame,  0.492  miUisecond. 
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TESTS  OF   PERMISSIBLE   EXPLOSIVES. 


Date,  May  3,  1910. 


Impact  Test. 


DLslancpor 
bill. 

1 

Number  of   !               R«nilt 
trials.                    Kesim. 

1 

Distanoo  of 
foil. 

Number  of 
trials. 

Result. 

CenUmeUra. 
28 
30 
34 
32 
33 
32 

No  explosion. 

Do. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

CenUmetertt. 
32 
31 
30 
28 
27 
26 

5 

Explosion. 

Do. 

Do. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occuro  establifihed  at  26  centimetern 

(10.24  inchcfl). . 

Explosion-by-Ikfluence  TE8T. 

Weight  of  each  cartridge,  240  gramH. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1018). 

S   ""^^ 

Feb.  12 

Do 

T>o 

Do 

Inchen. 

15 
17 
10 
21 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Feb.  12 

Do 

Do 

JndktM 

'  20     Did  not  explodo 
20            Do. 
20            Do. 

1 

The  minimum  distance  at  which  no  explosion  occurs  established  at  20  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHBL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 


Feb.  6. 

Do. 

Do. 
Feb.  7. 

Do. 

Do. 

Do. 

Do. 
Feb.  8. 


Charge-o 

Specific 
gravity. 

Onmt. 

212 

1.49 

212 

1.40 

212 

1.49 

212 

1.49 

212 

1.49 

212 

1.49 

212 

1.49 

212 

1.49 

212 

1.49 

Height  of 
curve. 


MUlinuters. 
21.76 
21.00 
21.50 
20.75 
20.00 
20.50 
19.00 
19.00 
19.25 


Pressure 
per  square 
centimeter. 


KOogranu. 
67.97 
65.62 
67.19 
64.84 
62.50 
64.06 
59.38 
59.38 
60.16 


Average 

pressure 

per  square 

centimeter. 


KOoffram*. 
66.93 

63.80 

69.64 


a  Including  12  grams  of  the  original  wrapi)er. 

P=1.911AH-0.5B— 1.4110=75.65  kilograms  per  square  centimeter. 

V=  15,000  cubic  centimeters.        8=1.49.        W=212  grams. 

VPS 
MaK-^^as7,975  kilograms  per  square  centimeter  (113,430  pounds  per  square  inch). 

Pboducts  of  CoMBUBnoN  FROM  200  Gbams  of  thb  Explosive  and  12  Grams  of 

THE  Original  Wrapper. 


Date,  Febmary  11, 1913. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Qrams. 
.  64.6 


Liquid  (water) 23.2 

Gaseous 94.7 


RESULTS  OF  TESTS. 
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Larob  Calories  Drvslopbd  by  1  Kilogram  of  tbr  Explosivr. 
Chaige,  106.0  gramB.^i 


Date  (191.1). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  5 

AHogramt. 
81.96 
81.95 
81.96 

0.947 
.965 
.913 

C^oriet. 
827.2 

Do 

834  2 

Do 

797  3 

• 

a  [ndading  6  grama  of  the  origfaial  ¥m^>per. 
Average  large  calories  per  kilogram  of  exploeive,  819.6. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grama. 


Date  (1909). 

Height. 

Before 
explosion. 

After 
explosion. 

Compre  ssfon. 

July  7 

Mmimeten. 
64.00 
64.00 
64.00 

Miaimetm, 
49.30 
49.80 
49.10 

MiWmeter*. 
14.70 

*■•*  ' 

Do 

14  20 

Do 

14.00 

1 

Average  compresBion,  14.6  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1910). 


May  26. 

Do. 
Do. 


Volume  of  bore  hole. 

Expansion 

01  bore 

bole. 

BelSore 
shot. 

After 
Bhot. 

CtMecenti- 

63 
63 
63 

CtMscenH- 

nuUn. 

174 

177 

172 

CuMecenti- 
metert. 
lU 
114 
109 

Tempeca- 

1w«of 

block. 


16 

15 
15 


Avenge  expansion  of  bore  hole,  111  cubic  centimeters  (6.77  cubic  inches). 

GIANT  COAIr-KINB  POWDBB  NO.  6. 

Explosive,  Giant  coal-mine  powder  No.  5. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  157  grams. : 

Cartridge  had  been  redipped. 

Apparent  speclltegKvlty  of  cartridge  by  sand,  0.89. 
Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  mostly  very  fine  with  large  white  crystals, 
dry,  soft,  slightly  cohesive. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Unit  deflective  chaige  as  detoniuDad  by  the  baUiatic  pendulum: 

Date,  September  12,  1911. 

Unit  swing  on  this  date,  3.23  inches. 

Weight  of  chaige,  in  grams,  230,    230,    230. 

Swing,  in  inches,  3.25,    3.22,    3.32. 

Average  swing,  in  inches,  3.26. 

3.26  :  3.23  : :  230  :  (228). 
Therefore  the  unit  deflective  chaige  of  Giant  coal-mine  powder  No.  5  is  228  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weisht 
charRB. 

Ifethane 

and 
ethane. 

Result. 

1 

Date  (1911). 

Weifl^t 
charge. 

Methane 

and 
ethane. 

Reault. 

TSSTl. 

Sept.  15 

Do 

Granu, 
228 
228 
228 
228 
228 
2» 
228 
228 
228 
288 

228 
228 
228 

Percent. 
8.16 
8.27 
8.11 
8.19 
8.19 
8.31 
8.33 
7.97 
8.08 
7.90 

NoiKDJtion. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Inition. 
Do. 

Test  8— Con. 

Oct  5 

Do 

DO...I... 

Do 

Do 

Do 

Do 

Tl8r4. 

Sept.  13 

Do 

Sept.  13 

Sept.  18 

Do- 

Orawu. 
228 
228 
228 
228 
228 
228 
228 

•  680 
•680 

•  680 

•  680 

•  680 

Ptr  ceiH, 

No  ipUtion. 
Do. 

Do 

Do. 

Sept.  16 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Sept.  18 

Do 

Do 

TxsrS. 

Oct.6 

4.19 
4.26 
4.06 
4.26 
4.23 

• 

NoifnitiQn. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


8q>tl3 
Sept.  14 
Sept.  18 


Distance 

between 

sparic  points. 


MWimeUr: 
1470 
14.10 
14.60 


Peripheral 

speed  of  drum 

per  second. 


Mden. 

4&.0 
4&.0 
46.0 


Rate  of 
detonation 
per  seoood. 


MHen. 

3,191 
3,103 


Average  rate  of  detonatum,  3,118  melers  (10,2SO  feet)  per  eeccnd. 

Flame  TE0r. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Height  of 
photograph. 


Height  of 
fluoe. 


Dmtion 


Duimtionof 


Feb.  30. 
Do. 
Do. 


16.60 
19.60 
19.10 


20.84 
2166 
M.6i 


6.60 
8.00 
8.76 


Average  height  of  flame,  23.37  inches. 
Avenge  duratioo  of  flame,  0.388  mUlisecond. 


BE8ULT6  OF  TBST8. 
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Impact  Test. 


Date,  January  11, 1912. 


I>istaooeof 
fliU. 

Number  of 
trials. 

Result 

DtBtanoeof 
fEdl. 

Number  of 
triaii. 

Result. 

Owlfmrfmr. 
34 
M 
30 
18 
16 
16 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

OtHlUflUitFS, 

15 
14 
14 
13 
U 
13 

1 

1 
1 
3 
1 
6 

Expknkm. 
Noexpk)skMi. 
Explosion. 
No  exptosioo. 
Explosion. 
No  explosion. 

The  maTiimim  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

£xflouon-bt-Influencb  Test. 

Weight  of  each  cartridge,  147  grams. 


Date  (1913). 

Distanoe 
separating 
cartrldses. 

•isSisr 

Date  (1013). 

Distanoe 
sepaiatlng 
cartridges. 

Result,  upper 
caitiidge. 

F«b.3S. 

Do 

/iidbec. 
3 

1 

DklDotexpfcde. 
Exploded. 

Feb.  28 

Do 

Jnchet. 
2 
2 

Did  not  expkxie. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 
Thborbtigal  Maximum  Pressvrb  Dbvblopbd  in  Own  VoLincB,  as  Dbterminbd 

BT  BiCHBL  PrBSSURE  GaOB. 

Indicator  spring,  0.32  inillimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Cbarge-a 

SpeoifUs 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
ontlmetar. 

Cooling 
surfBoe. 

Average 

pressure 

per  square 

centimeter. 

Feb.  9 

Omvu. 
317 
217 
217 
217 
217 
217 
217 
217 
217 

0.80 

J/miiiietert. 
30.00 
30.00 
3a  60 
30.60 
31.75 
31.00 
36.76 
36.26 
86.80 

jniMrsiiu. 
03.76 
03.76 
96.31 
96.31 
99.22 
96.88 
83.69 
82.03 
82.81 

A 

A 
A 
B 
B 
B 
C 
C 
C 

jnio^iM. 

Do 

.89 
.89 
.89 
88 
89 
89 
89 
89 

94.37 

Feb.  10. •. 

Feb.  2. 

Do 

97.14 

Feb.  6 

Do 

Do 

82.81 

Feb.  6 

•  Inoiadittg  17  gnms  of  tbeorigJoal  ^prrapper. 

P=1.91IA+0.5B-1.41IC=111.88  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=«0.89.        W=217  grams. 

VPS 

Ms-^JLI?«=6,883  kilograms  per  square  centimeter  (97,910  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  thb  Explosiyb  and  17  Grams  of 

THB  Original  Wrappbr. 


[Analyst,  A.  L.  Hyde.] 


Date,  November  15, 1911. 
Solid 


Orams. 

2.4 

Liquid  (water) 65. 6 

Gaseous 140.9 


168  TESTS  OF  PERMISSIBLE  EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  108.5  gramB.^ 


Date  (1912). 

IVei^t 
of  water. 

Rise  in 
tempera- 
tine. 

Heatdevel- 
oped  per 
kilogniD. 

Feb.  2 

81.95 
81.96 
81.96 

•c. 

L096 
1.102 
1.103 

Ctiories, 
830.1 

Do 

912^6 

Feb. 5 

943.5 

a  Including  8.6  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  941.7. 

Compression  op  Small  Lead  Blocks. 


Chaige,  KM)  grams. 

Height. 

Date  (1912). 

Before 
explosion. 

After 
exploekm. 

GompreaskHL. 

Feb.  12 

liUiimeten. 
63.60 
63.60 
63.60 

MUUmeUn. 
49.75 
60.00 
60.26 

JiOUmttermm 
13- 7» 

Do 

13.60 

Do 

13.25 

Average  compression,  13.5  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1912). 

Volume- of  bore  hole. 

Expansion 

of  bore 

hole. 

Temper»- 

Before 
shot. 

After 
shot. 

tureof 
blodc. 

Fob.  20 

CuMeceniU 

meter*. 

62 

62 

62 

CuMeeenti- 
meters. 
340 
332 
345 

Cftbkeenti- 

metert. 

278 

270 

283 

15 

Do 

15 

Do - 

15 

Average  expansion  of  bore  hole,  277  cubic  centimeters  (16.90  cubic  inches). 

GIANT  COAL-MZNB  POWDER  NO.  6. 

Explosive,  Giant  coal-mine  powder  No.  6. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

length  of  cartridge,  8  inches. 

Average  weight,  201  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

Color  of  explosive,  com. 

Conmstency,  granular  and  fibrous,  mostly  very  fine  with  a  few  large 
cr>'8tal9,  wet,  soft,  moderately  cohesive. 


SE8ULTS  OF  TESTS. 
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Unit  deflective  chaige  as  determined  by  the  balliBtic  pendulum: 

Date,  September  12, 1911. 

Unit  swing  on  this  date,  3.23  inches. 

Weight  of  chaigei  in  grams,  290,    290,    290. 

Swing,  in  inches,  3.40,    3.37,    3.36. 

Average  swing,  in  inches,  3.38. 

3.38  :  3.23  : :  290  :  (277). 
Therefore  the  unit  deflective  chaige  of  Giant  coal-mine  powder  No.  6  is  277  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 


TX8T  1. 

S«pt.21 

Do 

Do 

Sept.  23 

Do. . .  j>. . . 

Do 

Do 

Sept.  25 

Do 

Do 

Test  3. 

Oct.  5 

Do 

Do 


Weteht 

Methane 
and 

charge. 

ethane. 

Qramt. 

Per  cent. 

277 

7.83 

277 

7.»7 

277 

7.01 

277 

8.27 

277 

7.91 

277 

8.01 

277 

8.17 

277 

8.27 

277 

8.14 

277 

8.01 

277 

277 
277 

Keeult. 


No  ienition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Ignition. 
Do. 
Do. 


Date  (1911). 


Test  3— Con 

Oct.  6 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  18 

Sept.  19 

Do 

Do 

Sept.  20 


Welfiht 
charge. 

Methane 

and 
ethane. 

(TroflM. 
277 
277 
277 
277 
277 
277 
277 

<»680 
aA80 
0680 
««80 
1680 

Per  cent. 

4.29 
4.22 
4.22 
3.86 
3.9B 

Result. 


No  IgniUon. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a  080  grams  or  more  was  used. 
Kate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Distance 
I     between 
spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Afillimeiers. 

Sept.  12 12.79 

Sept  18 ,  12.99 

Sept  19 12.02 


MHert. 
45.0 
45.0 
43.0 


Rate  of 
detonation 
per  second. 


MeUre. 
3,518 
Of  464 
3,577 


Average  rate  of  detonation,  3,520  meters  (11,550  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Height  of  ,  Height  of  \   Duration 


photograph.'     flame. 


MiUimelert. 

Feb.a) 13.25  i 

Do 16.50  ' 

Do 14.00  , 


Inchea. 
16.74 
20.84 
17.08 


Average  height  of  flame,  18.42  inches. 
Average  duration  of  flame,  0.329  millisecond. 


distance. 


Mmimttfte. 
5.00 
8.00 
6.75 


Duration  of 
flame. 


MiUittamde. 
0.250 
.400 
.338 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Date,  February  3, 1913. 


Impact  Test. 


DiKtanoe  of 
tall. 

Number  of 
trials. 

Result. 

DiBtMlMOf 

filll. 

Number  of 
ttiais. 

Result. 

Centbn€UT9. 
70 
00 
80 
40 
30 
20 

Explosion. 

Do. 

Do. 

Do. 

Do. 
No  explosion. 

CenUmetert. 
25 
i            28 
26 
27 
26 
25 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  25  centimeters 

(9.84  inches). 

Explo8ion-by-Influbnce  Test. 

Weight  of  each  cartridge,  183  grams. 


Date  (1012). 

Distance 
separating 
cartridges. 

Result^  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  20 

Do 

Do 

Do 

3 
2 
1 
2 

Did  not  i>xplode. 

Do. 
Exploded. 
Did  not  explode. 

Feb.  29 

Do 

Do 

/nchet. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Dbtbrminbd 

BY  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter=:l  kilogram  per  square  centimeter. 


Date  (1912). 


Feb.  8.. 

Do. 
Feb.  9.. 
Feb.  8.. 

Do. 

Do. 
Feb.  6.. 
Feb.  7.. 
Feb.  8.. 


Charg&o 


Qranu, 
215 
215 
215 
215 
215 
215 
215 
215 
215 


Specific  I  Height  of 
gravity.        curve. 


1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 


MiUimeUrt. 
24.50 
23.50 
23.50 
22.00 
22.25 
22.50 
20.00 
20.50 
20.25 


Pressure 
persquars 
centimeter. 

Cooling 
surfsoe. 

KUognmt. 

76.56 

A 

73.44 

A 

73.44 

A 

68.75 

B 

60.53 

B 

70.31 

B 

62.50 

C 

64.06 

C 

63.28 

C 

Average 

pressure 

per  square 

centimeter. 


74.48 
60.58 

63.28 


n  Including  15  grams  of  the  original  wrapper. 

P»l. 911  A+0.6B— 1.4110=87.81  kilogtams  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.14.        Ws215  grams. 

VPS 
M=:=^i^- ==6,984  kilograms  per  square  centimeter  (99,340  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  thb  Exflosiyb  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  November  16,  1911 


(Analyst,  A.  L.  Hyde.) 


Qrams. 
24.2 


SoUd 

Liquid  (water) 44.  5 

Gaseous 130. 0 


BESULTS  OF   TESTS. 

Labge  Gaix)bib8  Developed  bt  1  Kilogram  of  the  Ezplosivb. 
Chaige,  107.5  gniOB.^ 
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Date  (1912). 

Weight 
ofwBter. 

Rise  in 

tempenk 

ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  6 

81.95 
81.96 
81.96 

•c. 

0.924 
.913 
.881 

CUorfev. 
7919 

Do 

785.4 

Do 

757.6 

a  Including  7.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  779.3. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Date  (1912). 

Height. 

Before 
ezploskm. 

After 
expioeion. 

Compreeskm. 

Feb.  12 

MUUmeUn. 
63.35 
63.25 
63.50 

Mmmeten, 
47.50 
48.25 
47.75 

naUmeltn, 
15.75 

Do 

IS.  00 

Do 

15.75 

Average  compression,  15.5  millimeters  (0.61  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Vohime  of  bore  liole. 

of  bore 
hole. 

Tempenk 

Date  (1912). 

Before 
shot. 

After 
shot. 

toreof 
bk)ck. 

Feb.  30 

CnhkeeHH- 

nutert, 

63 

62 

62 

CnMceenii- 

mdert. 

.  250 

256 

250 

CubkeenH- 

metert. 

188 

194 

197 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  193  cubic  centimeters  (11.77  cubic  inches). 

OIANT  COAL-KINB  POWDBB  NO.  7. 

Explosive,  Giant  coal-mine  powder  No.  7. 

ClasB  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  208  grams. 

Cartridge  had  been  redipped. 
'  Apparent  specific  gravity  of  cartridge  by  sand,  1.19. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  mostly  very  fine  with  y^  few  largo  white  crys- 
tals, wet,  soft,  moderately  cohesive. 

91853^— Bull.  '66—13 12 


172 


TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  &a  determined  by  the  ballistic  pendulum: 

Date,  September  12, 1911. 

Unit  swing  on  this  date,  3.23  inches. 

Weight  of  chaige,  in  grams,  245,    245,    245. 

Swing,  in  inches,  3.27,    3.23,    3.19. 

Average  swing,  in  inches,  3.23. 

3.23  :  3.23  ::  245  :  (245). 
Therefore  the  unit  deflective  chaige  of  Giant  coal-mine  powder  No.  7  is  245  grams. 

Gas  and  Dust  Gallsrt  No.  1. 


Date  (1911). 

We^t 
chairge. 

Methane 

and 
ethane. 

Resalt. 

Date  (1911). 

Weiffat 
charfe. 

Methane 

and 
edniM. 

Remit. 

Test  1. 

Sept.  25 

Do 

245 
245 
246 
245 
245 
245 
245 
245 
245 
245 

245 
245 
245 

Pereeni. 
8.33 
8.30 
8.20 
8.30 
8.35 
8.18 
8.2S 
8.20 
8.44 
7.98 

No  icnition. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  imltion. 
Do. 
Do. 

Teot  3— Con. 

Oct.  4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  10 

Do 

Do 

Sept.  20 

Do 

Oramt. 
245 
245 
245 
245 
245 
245 
245 

<i«80 
0680 
a080 

•  080 

•  080 

Percent. 

Noimitlan. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Dow 

Oct.  3 

Do 

Do 

TB8T3. 
Oct.  4 

4.02 
4.15 
4.08 
4.06 
4.08 

No  ifnition. 

Do! 
Do. 

Do 

Do. 

Do 

•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Sept  20 
Do. 
Do. 


Distance 

between 

spark  points. 


MiUimeUrs. 
13.30 
13.74 
13.87 


PeripliOTal 

speed  of  drum 

per  second. 


Mettn. 

45.0 
45.0 
45.0 


Rate  or 
detonatton 
per  second. 


MHer$. 
3,388 
8,275 
S,3H 


Average  rate  of  detonation,  3,301  metem  (10,830  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1012). 


Height  of 
photograph. 


Feh.  20 
Do. 
Do. 


MUlimetert. 
6.75 
12.25 
15.50 


Height  of 
flame. 


Average  height  of  flame,  14.53  inches. 
Average  duration  of  flame,  0.250  millisecond. 


Ifidug. 
8.53 
15.47 
19.58 


DuratioQ 
dlstanoei 


SiSlifiuUn. 
2.50 
4.50 
8.00 


Duiatknof 
flame. 


aus 


400 


BE8ULT8  OP  TESTS. 
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Impact  Test^ 


Date,  February  4,  1913. 


DManoeof 
ftOl. 

Number  of 
tiials. 

Rrniilt. 

Distance  of 
tell 

Number  of 
triab. 

Result. 

CenUvuters. 
30 
35 
40 
35 
37 

1 

Mo  exploBioD. 

Do. 
Explosion. 
No  «3cp]<Mion. 

Do. 

CentimeUrs. 
38 
39 
38 
37 

1 

1 
1 
4 

No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  37  centimeters 
(14.57  inches). 

£xfu>8ion-bt-Influbncb  Tbst. 

Weight  of  each  cartridge,  191  grams. 


Date  (1913). 

Distance 
separating 
cartiidces. 

Result^  upper 
cartndge. 

Date  (1912). 

Distance 
aepanUing 
cartridges. 

Result,  upper 
cartridge. 

Feb.  29. 

Do 

Indui. 

3 
2 

Did  not  explode. 

Exploded. 

1 
1 

Feb.  29 

Do 

Inc1u9. 

3 
3 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maxoium  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeters  1  kilogram  per  square  centimeter. 


Dato(1912). 


Feb.  28.. 

Do.. 

Do.. 
Feb.  23.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 


Charge.^ 

Specific 
gravity. 

Oranu, 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

215.6 

1.19 

Height  of 
curve. 


Pressure 
per  square 
oentimet«r. 


AHttimeUra. 
21.00 
21.75 
22.00 
19.50 
19.00 
19.00 
19.00 
18.76 
19.75 


KUogmmi. 
65.62 
67.97 
68.75 
60.94 
69.38 
50.38 
59.38 
58.59 
61.72 


Ckwling 
surface. 


Average 

pressure 

per  square 

centimeter. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


KOogranu. 
67.45 

50.90 

59.90 


■^ _^ ■  t   rnmrnm—^*        i        ■  ^^^i— ■  ■  ■■■...  ^        i      i  . 

<■  Including  15.6  grams  of  the  original  wrapper. 

P»I.911A+0.5B— 1.411C=74.33  kilograms  per  square  centimeter. 
V=s  15,000  cubic  centimeters.        8=1.19.        W=215.6  grams. 

VPS 

M«-tf~»6,154  kilograms  per  square  centimeter  (87,540  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  16  Grams  of 

the  Original  Wrapper. 


Date,  November  17,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.) 


Grams. 

33.3 

liquid  (water) 48. 5 

Gaseous 126. 3 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 
Charge,  107.8  grams.* 


Date  (1912). 


Feb.  7. 
Do. 
Do. 


Weight 
of  water. 


KHoaranu 
81.95 
81.95 
81.95 


Rbein 

tenpenir 

tore. 


0.'991 
.997 
.978 


Heat  devel- 
oped per 
kuogitam. 


Cakmea. 
851. « 
850.8 
840.2 


a  Indading  7.8  grams  of  the  original  wrapper. 

Average  laige  calories  per  kUogram  of  explosive,  849.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Hefght 

Date  (1913). 

Before 
explosion. 

After 
explosion. 

GonprasBioii. 

Jan.  28 

MttUmeten. 
63.60 
63.00 
63.00 

Uminutert. 
50.00 
40.50 
49.50 

3immtter9. 
13.50 

Do 

13.50 

Jan.  20 

13.50 

Average  compression,  13.5  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

oiboro 

hole. 

Tempef»- 

Date  (1912). 

Before 
shot. 

After 
shot. 

tureof 
block. 

Feb.  20..... 

CvbkeerUl- 
meUrt. 
62 

62 
62 

* 

Cvbkcenti- 

244 
248 
253 

CuMceflKt- 

182 
186 
191 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole;  186  cubic  centimeters  (11.35  cubic  inches). 

aiANT  COAL-MINE  POWDBB  NO.  8. 

Explosive,  Giant  coal-mine  powder  No.  8. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  li  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  231  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.29. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  mostly  very  fine  with  a  few  laige  white 
crystals,  wet,  soft,  moderately  cohesive. 


BE8VLT8  OF  TESTS. 
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Unit  deflective  charge  aa  determined  by  the  balli.<)tic  pendulum : 

Date,  September  12,  1911. 

Unit  swing  on  this  date,  3.23  inches. 

Weight  of  charge,  in  grams,  245,     245,    245. 

Swing,  in  inches,  3.19,    3.24,    3.19. 

Average  swing,  in  inches,  3.21. 

3.21  :  3.23  ::  245  :  (247). 
Therefore  the  unit  deflective  charge  of  Giant  coal-mine  powder  No.  8  is  247  grams. 

Gas  and  Dust  Gallery  No.  1. 


Datecmi). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1011). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result. 

Tew  1. 
Oct.3 

Oranu. 
347 
347 
347 
347 
247 
247 
247 
247 
347 
347 

347 
347 
347 

Percent. 
7.06 
8.18 
8.13 
8.30 
8.00 
8.01 
7.03 
8.00 
8.23 
8.08 

Nobmltkm. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

NoiJoitlon. 
Do. 

Test  3— Con. 

Oct.  4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  20 

Do 

Do 

Do 

Do 

Oranu. 
247 
347 
347 
247 
247 
247 
247 

0  680 
<i680 
aA80 
0680 
a680 

Percent. 

Nolffnition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Oct,  4 

Test  3. 

Oct.  4 

4.13 
4.24 
4.20 
4.26 
3.08 

NoUmltioD. 

Do! 
Do. 

Do 

Do. 

Do 

«  080  grams  or  more  was  used. 

Rate  op  Detonation. 


Diameter  of  cartridge,  li  inches. 
Electric  detonator,  No.  7. 


Datn(lOll). 


Sept.  12 

Sept.  10 

Do. 


Distance 

between 

spark  points. 


UUUmeters. 
13.47 
13.40 
14.05 


Peripheral 

speed  of  drum 

per  second. 


\feter». 
4S.0 
45.0 
45.0 


Rate  of 
detonatkm 
per  second. 


Metete. 
3,341 
3,368 
3,208 


Average  rate  of  detonation,  3,301  meters  (10,830  feet)  per  second. 


FlaiIe  Test. 


Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1012). 

Hei^tof 
photo^ph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Fel>,0 

MUlinteten. 
17.25 
12.00 
11.50 

Inches. 
21.70 
15.16 
14.53 

MiUimeters. 
7.50 
4.75 
5.50 

MiUiseeondM. 
0.376 

Do 

.238 

Do 

.225 

Average  hei^t  of  flame,  17.16  inches. 
A-verage  duration  of  flame,  0.279  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Dat<»,  February  4,  1913. 


Impact  Test. 


Distance  of 
foil. 

Number  of 
trials. 

Result. 

Distance  of 
fiUl. 

Number  of 
trials. 

Resott. 

CentimeUrt. 
30 
35 
40 
38 
37 

NoexploBioa. 

Do. 
ExpkBioii. 

Do. 

Do. 

36 
30 
36 
34 

3 

1 
1 
6 

No  ezploskiii. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  34  centimeters 

(13.39  inches). 

Explo8iok-by-Inplubncb  Tbst. 

Weight  of  each  cartridge »  207  grams. 


Date  (1912). 

Distance 
sepaiating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  29. 

Do 

Do 

Inehu. 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Feb.  29. 

Do 

JiKket. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 
Theoretical  Maximum  Pressure  Dbvblopbd  in  Own  Voluxb,  as  Determins]> 

BY  BiCHBL  PrBSBURE  GaOE. 

Indicator  spring,  0.32  millimeter ^i  kilogram  per  square  centimeter. 


Date  (1912). 

Charge-o 

Specific 
gravity. 

Height  of 
curve. 

Prmure 
per  square 
centimeter. 

Cooling 
surteoe. 

Average 

pressure 
per  square 
centimeter. 

Feb.  10 

214.2 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 

1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 

MUlimaen. 
24.75 
24.60 
23.75 
21.75 
22.75 
22.25 
22.75 
22.26 
21.76 

KUoannu. 
77.34 
70.60 
74.22 
07.97 
71.00 
09.63 
71.09 
09.53 
07.97 

A 

A 
A 
B 
B 
B 
C 
C 
C 

KOognms^ 

Do 

76.04 

Feb.  12 

Do 

Do 

flO.SB 

Do 

Do 

Do 

09.53 

Feb.  13 

a  Including  14.2  grams  of  the  original  wn^per. 

P'=I.9IIA-h0.5B-1.411C=81.97  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.29.        W=214.2  granlB. 

VPS 
M=-^r-=7,406  kilograms  per  square  centimeter  (105,330  pounds  per  square  inch). 

Products  of  Combustion  prom  200  Grams  op  the  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  November  21,  1911. 
Solid 


Oruna, 
31.4 

Liquid  (water) 48. 6 

Gaseous 119. 0 


ItRSULTS  OF  TESTS. 


177 


Lakob  Oalorirs  DrveiiOPKd  by  1  Kilogram  of  thb  ExPLOsnrs. 
Chaige,  107.1  grains.^ 


Date  (1012). 


Feb.  8. 
Do. 
Do. 


Weight 
of  water. 

Rise  in 
tempera- 
tare. 

81.05 
81.05 
81.05 

•c 

0.050 
.085 
.083 

o  liMdudIng  7.1  grams  of  the  origlmil  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  ft43.7. 

CoHPRBSSiON  OP  Small  Lead  Blocks. 
Chaige,  100  grams. 


Heat  devel- 
oped per 
kflogram. 


Oilerto. 
830.2 
851.0 
85ai 


Date  (1913). 

Height. 

BefiHV 
explosion. 

After 
explosion. 

Comprasiion. 

Jan.  20 

MUttmeter*. 
83.50 
83.25 
83.60 

MUUnutert. 
61.50 
6a  76 
61.00 

MUUmtUn. 
12.00 

Do 

12.50 

Do  

12.60 

Average  compression.  12.3  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


• 

Date  (1018). 

Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 

.<ihot. 

After 
shot. 

ture  of 
block. 

Feb.  20 

CfMeeetUi- 

meUr: 

83 

83 

83 

CtMscenli- 

siM) 

288 
257 

CtMeceiUi- 

mtten. 

108 

204 

105 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  199  cubic  centimeters  (12.14  cubic  inches) 

aUABDIAN  A. 

Explosive,  Guardian  A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Independent  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

liength  of  cartridge,  8  inches. 

Average  weight,  176  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  sli^tly  cohMve. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


ITnit  deflective  chaige  as  determined  by  ballistic  pendulum: 

Date,  September  30,  1912. 

Unit  swing  on  this  date,  3.24  inches. 

Weight  of  chaige,  in  grams,  290,    290,    290. 

Swing,  in  inches,  3.22,    3.13,    3.15. 

Average  swing,  in  inches,  3.17. 

3.17:3.24::  290:  (296). 
Therefore  the  unit  deflective  chaige  of  Guardian  A  is  296  grams. 

Gas  and  Dust  Gallery  No.  1. 


Dftto  (1012). 

Welefat 
cliiurKe. 

Methane 

and 
ethane. 

Remilt. 

Date  (1012). 

Wei£)it 
chaiige. 

Methane 

and 
ethane. 

Result. 

TB8T1. 

Oct.  1 

Omm$. 
206 
206 
206 
206 
206 
206 
206 
206 
206 
206 

206 
206 
206 

Per  cent. 
8.21 
8.84 
8.61 
8.25 
8.23 
8.20 
7.80 
8.60 
8.36 
7.02 

No  Ignition. 

Do! 
Da 
Da 
Da 
Da 
Da 
Da 
Do. 

Noifloitlon. 
Da 

Test  3— Con. 

Oct.  3 

Do 

Do 

Do 

Do 

Do 

Do 

TB8T4. 

Oct  2 

Oct  3 

Do 

Do 

Do 

Qrmnt. 
206 

PerceiU. 

No  Imition. 

Oot.2 

206 
206 
206 
206 

Do 

Da 

Do 

Da 

Da 

Da 

Do 

206 
206 

•  680 

•  680 

•  680 
a680 

•  680 

Da 

Do 

Da 

Do 

Do 

Do 

TI8T3. 
OoLjS 

4.  SI 
4.11 
4.10 
4.25 
4.12 

NoljmltlQQ. 

Do! 
Da 

Do 

Da 

Do 

a680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1012). 


Oct.  2. 
Do 
Do 


Distance 

between 

spark  points. 


MUUmOitrt, 
13.06 
14.20 
14.10 


Pertpheral 

speed  of  drum 

jMT  second. 


lieUn, 
43.5 
43.5 
43.5 


Rate  of 
detooatioD 


litUrt. 

3,110 
3,068 
3,085 


Average  rate  of  detonation,  3,089  meters  (10,130  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1013). 


Mar.  20 
Do. 
Da 


Height  of 
photograph. 


MOUviuUn. 
11.00 
12.25 
11.75 


Height  of 
flame. 


13.80 
15.47 
14.84 


Duration 
distance. 


4.25 
5.50 
5.00 


Duration  of 


0.213 
.275 


Average  height  of  flame,  14.73  inches. 
Average  duration  of  flame,  0.246  milliBecond. 


RESULTS  OF  TESTS. 
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Date,  October  18, 1912. 


Impact  Test. 


Pistiuifleof 
fall. 

Number  of 
triato. 

Result. 

Distance  of 
fiUl. 

Number  of 
trials. 

Result. 

CeiUiMeten. 

CenUmderi. 

15 

No  exploBioii. 

31 

1 

Explosion. 

25 

Do. 

30 

2 

No  explosion. 

35 

Do. 

30 

Explosion. 

45 

Exploskm. 

28 

Do. 

40 

Do. 

26 

Do. 

37 

Do. 

25 

Do. 

36 

Do. 

20 

Do. 

35 

Do. 

18 

No  explosion. 

30 

No  exploskm. 

19 

Do. 

33 

Explosion. 

The  maximum  height  at  which  no  explosion  occurs  establiBhed  at  19  centimeters 

(7.48  inches). 

Explobion-by-Inplubncb  Test. 

Weight  of  each  cartridge,  167  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 

Date  (1913). 

Distance 
sepaiatlng 
cartridges. 

Resolt,  upper 
cartridge. 

liar.20 

Do 

Indtei. 

7 
8 

Exploded. 
Did  not  explode. 

Mar.  20 

Do 

/ndket. 

8 
8 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  8  inches. 

Thborstical  Maximum  Prbssurb  Developed  in  Own  Volume,  ab  Dbtbrminbd 

BT  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter»l  kilogram  per  square  centimeter. 


Date  (1912). 

Cbargca 

Specific 
gravity. 

Height  of 
curve. 

Proasore 
per  square 
centimeter. 

Cooling 
surtace. 

Average 

pressure 

per  square 

centimeter. 

Oct.  23 

Oravu, 
219 
219 
219 
219 
219 
219 
219 
219 
219 

1.04 
1.04 
1.04 
L04 
1.04 
1.04 
1.04 
1.04 
1.04 

MiUimden, 
22.50 
21.75 
21.60 
20.50 
20.75 
20.75 
19.00 
19.75 
19.25 

KUogranu. 
70.31 
67.97 
A7.19 
64.06 
64.84 
64.84 
59.38 
61.72 
6a  16 

A 
A 
A 

B 
B 
B 
C 
C 
C 

Kilotramt, 

Do 

6&49 

Do 

Oct.  24 

Do 

64.58 

Do 

Oct.  25 

Do ^.. 

Do 

6a42 

a  Including  19  grams  of  the  original  wrapper. 

P=1.911A-f0.5B— 1.4110=77.92  kilograms  per  square  centimeter. 
V»  15,000  cubic  centimeters.        S=l.04.        W»219  grams. 

VPS 

M=  I±^»5,550  kilograms  per  square  centimeter  (78,940  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosivb  and  19  Grams  of 

THE  Original  Wrapper. 


Date,  October  3, 1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 
.  82.1 


Liquid  (water) 26.3 

Gaseous 92.8 
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TESTS  OP  PERMISSIBLE  EXPLOSIVES. 


Large  Calorirh  Drvrloped  by  1  Kilogram  of  the  Explosive. 
Cliaige,  109.5  grains. « 


Date  (1912). 


Oct.  11. 
Oct.  14. 
Oct.  16. 


Weight 
of  water. 

Rise  in 

temperor 

ture. 

KUofframt. 
8L95 
8L95 
81.95 

•c. 

a  885 
.904 
.909 

Heat  devel- 
oped per 
kuoeram. 


(Moriet. 
747.9 
764.0 

768.1 


a  Including  9.5  grams  of  the  original  vnrapper. 
Average  large  calories  per  kilogram  of  explosive,  760.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compressfon. 

Oct.  23 -- 

MUlimeten. 
63.25 
63.50 
63.26 

MIttimeUTS, 
50.50 
5L2S 
5a  75 

MUUmeten. 

12.75 

Do 

^ 

UL25 

Oct.  24 

12.50 

\ 

Average  compression,  12.5  millimeterB  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1912). 

Voiume  of  bore  hole. 

Expansion 

01  bore 

hole. 

TempeiB- 

Before 
shot. 

After 
shot. 

tureof 
block. 

Oct.  17 , 

Cubic  eenti- 

meteri. 

62 

62 

62 

Cubic  eenti- 
mtten. 
212 
218 
219 

Cubic  centi- 
nitcrt. 

156 
157 

•c. 

15 

Do 

Do 



15 
15 

Average  expansion  of  bore  hole,  154  cubic  centimeters  (9.39  cubic  inches). 

QXJABJ>1AN  KO.  2. 

Explosive,  Guardian  No.  2. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Independent  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  H  inches. 

liOngth  of  cartridge,  8  inches. 

Average  weight,  168  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Cvolor  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  slightly  cohesive. 


BB8X7LTS  OF  TBSTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  4, 1911. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  250,    250,    250. 

Swing,  in  inches,  3.48,    3.52,    3.41. 

Average  swing,  in  inches,  3.47. 

3.47  : 3.40  ::  250  :  (245).  ' 

Therefore  the  unit  deflective  charge  of  Guardian  No.  2  is  245  grams. 

Gas  and  Dust  Gallbry  No.  1. 


Date  (1911). 

Weiflit 
ohai^. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

H 

Wei^t 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Dec.  6. 

Otbum. 
245 
246 
245 
246 
245 
245 
245 
245 
245 
245 

245 
246 
246 

Percent. 
8.46 
8.05 
&24 
8.08 
8.24 
8.35 
&35 
&40 
8.34 
8.48 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noimliion. 
Do! 

• 

Test  3— Cktn. 

Dec.  14 

Dec.  15 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Dec.  11 

Do 

Do 

Do 

Do 

Oromt. 
245 
246 
245 
245 
245 
245 
245 

a680 
0680 
a680 
1680 
afiHO 

Percent, 

No  imltSon. 

Dec  7 

Do 

Do. 

Do 

Dob 

Do 

Do. 

Do 

- 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Dec.  14 

3.81 
4.19 
4.20 
4.02 
4.15 

No  iimltion. 

Da 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1911-12). 


Dee.  30 

Jan.  3.. 

Do. 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


MUUmetera. 
16.10 
16.66 
16. 3P 


Meten. 

44.5 
45.0 
44.5 


Rate  of 
detonation 
perspoond. 


MtUre. 
2.764 
2,708 
2,747 


Average  rate  of  detonation,  2,738  meters  (8,980  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
llame. 

Apr.  8 

MUttmetere. 
18.50 
14.75 
15.75 

Ineku. 

17.06 
18.63 
19.89 

MUUmaere. 
9.00 
6.75 
6.0O 

JtfSIiweofMlt. 
a450 

Do 

.288 

Do 

.300 

Average  height  of  flame,  18.52  inches. 
Average  duration  of  flame,  0.346  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPL08IVS8 


Impact  Tert. 


Date,  February  26,  1912. 


DiBtanoeof 
fiOl. 

Number  of 
trials. 

Result. 

1   Dlrtanoeof 
ML 

Numbnr  of 
triali. 

Result. 

CaUimeten. 
15 
18 

i; 

17 
16 
15 

NoezplosioiL 
EzpkMkm. 
Noezptoston. 
Ezploskm. 

NoezpkMkm. 

OaMmden. 
15 
14 
13 
13 
12 
11 

1 

1 
2 
1 
1 
5 

Ezplosfam. 

NoezpkiskMi. 
Ezploskm. 

DOl 

Noexptoskm. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

EXPLOaiON-BY-lNFLUENCK  TeST. 

Weight  of  each  cartridge,  164  grams. 


DAto(1912). 

Distance 
sepamtlng 
cartridges. 

Result,  upper  car- 

Date  (1912). 

Distance 
separating 
cartrklges. 

Result,  upper  car- 
trklce. 

Apr.2 

Do 

Do 

Do 

Do 

Do 

Jiidke*. 

3 
2 
1 
2 
3 
3 

Did  not  expkMle. 

Do. 
Exploded. 

Da 
Did  not  explode. 
EzpkMled. 

Apr.3 

Do 

Do 

Do 

Do 

/ndk^s. 

4 
5 
6 
6 
6 

EzpkKled. 

Dklnotexptoda 
Da 
Da 

The  TniTiiiT»|Tn  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maxdium  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHEL  Pressure  Gaqe. 

Indicator  spring,  0.32  millimeter^l  kilogram  per  square  centimeter. 


Mar.  11... 

Do... 

Do... 
Mar.  30... 
Mar.  27... 

Do... 
Mar.  13... 
Mar.  12... 
Mar.  20.. 


Date  (1912). 


Chaige.a 

SpeeiAo 
gravity. 

Height  of 
curve. 

Prossure 
per  square 
centimeter. 

Gooltng 
surilKe. 

Onm». 

MOUmeUn. 

KOognnu. 

215 

1.02 

SO.0O 

03.75 

A 

215 

1.02 

30.75 

90.00 

A 

215 

L02 

29.75 

92.97 

A 

215 

1.02 

28w75 

89.84 

B 

215 

L02 

29.00 

9a  02 

B 

215 

1.02 

28w75 

89.84 

B 

215 

L02 

28.25 

8&28 

C 

215 

1.02 

28.75 

89.84 

C 

215 

1.02 

28.50 

.     89.08 

C 

per  square 
oentlmetv. 


KUogrumt. 
OIL  27 

9a  10 
89.06 


a  Including  15  grams  of  the  ordinal  wrapper. 

P=sl.911A+0.5B— 1.411Cb99.54  kilograms  per  square  centimeter. 
y«  15,000  cuhic  centimeters.        S»1.02.        W»215  grams. 
VPS 


M=- 


W 


>7,084  kilognuns  per  square  centimeter  (100,760  pounds  per  square  inch). 


RESULTS  OF  TESTS. 


183 


Products  of  Combustion  from  200  Grams  of  the  ExpiiObivk  akd  15  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  December  8, 1011. 
Solid 


Orama. 

33.1 

Liquid  (water) 63. 0 

Gaseous 106.3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.5  gnanB.*^ 


Date  (1912). 


Feb.  21. 
Do. 
Do. 


Weight 
of  water. 


/CUooninw. 
81.96 
81.96 
81.96 


Rise  in 

tempcra- 

tme. 


•a 

1.228 
1.237 
1.221 


Heatdevel- 
ooedper 
kllog»m. 


Catariet. 
1,060.1 
1,067.9 
1,054.0 


a  Inciuding  7.5  grams  of  original  wnppet. 

Average  large  calories  per  kilogram  of  explosive,  1,060.7. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1912). 

Before 

explosion. 

After 
explosion. 

CompreKlon. 

Mar.  28 

MUUfnetera. 
63.50 
68.50 
63.50 

MUUmeten, 
49.75 
40.75 
50l00 

MfmmeUn, 
13.75 

Do 

18.75 

Do 

18.50 

Average  compressioD,  13.7  millimeters  (0.54  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


•Vohime  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Befbie 
shot. 

After 
shot. 

ture  of 
blook. 

Mar.  28 

meten. 
63 
63 
63 

dthkeenH- 

melert. 

290 

290 

279 

CfiMeeenti- 
mden. 
227 
237 
216 

•c. 

20 

Do 

20 

Do 

20 

Average  expansioii  of  hore  hole,  223  cubic  centimeters  (13.60  cubic  inches) 


*»«! 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


aUABBIAH  MO.  3. 

Explocdve,  Guardian  No.  3. 

Class  la,  ammonium  nitiate,  containing  nitiog;iycerin 
Manu&ctuied  by  the  Independent  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge^  8  inches. 

Average  weight,  150  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.92. 

Color  of  explosive,  straw. 

Consistency,  poi^dered,  very  fine,  very  dry,  very  soft,  not  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  4,  1911. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  giams,  270,    270,    270. 

Swing,  in  inches,  3.36,    3.32,    3.45. 

Average  swing,  in  inches,  3.38. 

3.38  :  3.40  :  :  270  :  (272). 
Therefore  the  unit  deflective  charge  of  Guardian  No.  3  is  272  gnuns. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Wef^t 
ohuge. 

Methane 

and 
ethane. 

Reeolt. 

Date  (1911). 

diarge. 

Methane 

and 
ethane. 

Reeolt. 

Test  1. 
Dec  7 

Qrams, 
272 
272 
272 
272 
272 
272 
272 
272 
272 
272 

272 
272 
272 

PereetU. 
8.49 
8.46 
8.30 
8.25 
7.92 
8.01 

aoe 

8.27 
8.23 
8.29 

I>^o  Ignitlmi. 

Dc 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

NoiniittaL 
Do. 

TB8T  3— Con. 

Dec.  15 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Decs. 

Do 

Do 

Dee.  11 

Dec  12 

Onnu. 
272 
272 
272 
272 
272 
272 
272 

aflSO 
««0 
<i«0 
•  «0 
a680 

Perceni. 

Do 

Do 

Do. 

Decs 

Do. 

Do 

Da 

Do 

Da 

Do 

Da 

Do 

Do 

Do 

Test  3. 

Dee.  16 

4.41 
4.41 
4.43 
S.t2 
4.18 

Da 
Da 

Do 

Do. 

Do 

«  680  sramB  or  more  was  usod. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911-12). 


Dec.  30 
Jan.  3. 
Jan.  4.. 


Distance 

between 

sparlc  points. 


Per^herai 

speed  of  dnon 

IMTseoond. 


MUUmeten, 
1&90 
19.35 
18.70 


Metert. 
44.0 
44.5 
44.5 


Rate  of 

detroathm 
IMir  seoond. 


liOers, 


2, 
2. 


Average  rate  of  detonation,  2,336  meters  (7,660  feet)  per  second. 


RESULTS  OF  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  metera  per  second. 


Date  (1913). 

Height  of 
pbotograph. 

Height  of 
flame. 

Daration 
dJstanoe. 

Duration  of 
flame. 

M«r.8 

MUUmeUTM. 
14.35 
13.75 
13.00 

Inches. 
18.00 
17.37 
16.43 

AfWimeten. 
4.50 
4.00 
6.00 

MUtteeamde. 
0.2^ 

Do 

.200 

Do 

.800 

Average  height  of  flame,  17.26  inches. 
Average  duration  of  flame,  0.242  millisecond. 


Date,  February  23, 1912. 


Impact  Test. 


DiBtanoeor 
hXL 

Number  of 
triab. 

Result 

Distance  of 
fidl. 

Number  of 
trials. 

Result. 

Centimeten. 
20 
25 
24 
23 
22 

No  explosion. 
Ezploeion. 

Do. 
No  explosion. 

OenUmelers. 
22 
21 
20 
15 
14 

Explosion. 

Do. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 

(5.51  inches). 

Explosion-bt-Influence  Test. 

Weight  of  each  cartridge,  148  grams. 


Date  (1912). 

cartridges.              cartnoge. 

1 
Date  (1912). 

1 

Distance 
separating 
cartridges. 

Result,  Upper 
cartridge. 

Apr.  16 

Apr.  17 

Do 

Do 

Do 

Jnekee. 

5 
4 
3 
2 
3 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Do. 

Apr.  23 

Do 

Do 

Do 

Inehet. 

4 
4 

5 
5 

Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  establiflhed  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  Bichel  Pressure  Gaqe. 

Indicator  spring,  0.32  millimeter »1  kilogram  x>er  square  centimeter. 


Date  (1912). 

Charge.a 

Speciflc 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surflBce. 

Average 

pressure 

per  square 

centimeter. 

Mar.  29 

Orams. 
219 
219 
219 
219 
219 
219 
219 
219 
210 

a92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 

MUUmeiers. 
26.25 
20.00 
26.75 
24.50 
25.50 
25.25 
26.25 
26.25 
26.50 

KttogravM. 
82.03 
81.25 
83.59 
76.56 
79.00 
78.91 
82.03 
82.03 
82.81 

A 
A 
A 

B 
B 
B 
C 
C 

c 

Kiloiframs. 

Do 

82.29 

Do 

Mar.  27 

Do 

78L39 

Do ^ 

Do 

Ht.V^ -- 

82.20 

Do 

a  Including  19  grams  of  the  original  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


P~I.911A+Q.5B-1.411G»80.34  kUograms  per  square  centimeter. 

V=»15,000  cubic  centimeters.        S»0.92.        W=219  grams. 

VPS 
Ms-irR^=5,063  kilograms  per  square  centimeter  (72,010  pounds  per  square  inch). 

Pboducts  of  Combustion  from  200  Grams  of  the  Explosive  and  26  Grams  of 

THE  Original  Wrapper. 


Date,  December  11, 1911. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Gnuns. 

'. 48. 3 

Liquid  (water) 50. 0 

Gaseous 113.9 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  113.0  grams.o 


Date  (1912). 


Feb.  23. 
Feb.  20. 
Feb.  28. 


Weight 
of  water. 


KiloifravM, 
81.06 
81.95 
81.95 


BiMin 

tempero- 

tive. 


i.oao 

1.086 
LOOS 


Heat  devel- 
oped per 
kuograra. 


Cteiorief. 
800.5 
890.9 
873.6 


a  Including  13  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  878.0. 

Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Gomprasion. 

liar.  29 

MOUmdert. 
63.00 
63.25 
63.25 

MUUmelen. 
5L25 
6L00 
51.50 

MUUmettn, 
1L«5 

Do 

12.25 

Do 

1L75 

Average  compression,  11.9  millimeters  (0.47  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


Feb.  23. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cttbkcenti- 

meUrt. 

62 

62 

62 


After 
shot. 


CttMceentP 
nutert. 


206 
273 


Sxnanskm 
of  bore 


hole. 


CnMceenH' 

201 
204 
211 


Tempera- 
ture of 
bloek. 


•C. 


15 
16 
1ft 


Average  expansion  of  bore  hole,  205  cubic  centimeters  (12.50  cubic  inches) « 


BB8TJLTB  OF  TESTS. 
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aUABDIAN  COAL  POWDBB  B. 

Explocdve,  Guardian  coal  powder  B. 

Claas  4,  nitroglycerin. 

Manufactmed  by  the  Independent  Powder  Go. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Avenge  weight,  213  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.28. 

Golor  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  May  6, 1912. 

Unit  swing  on  this  date,  3.39  inches. 

Weight  of  chaige,  in  grains,  310,    310,    310. 

Swing,  in  inches,  3.40,    3.38,    3.39. 

Average  swing,  in  inches,  3.39. 

3.39  : 8.39  : :  310  :  (310). 
Therefore  the  unit  deflective  chaige  of  Guardian  coal  powder  B  is  310  grains. 

Gas  and  Dust  Gallbrt  No.  1. 


Data  (1913). 

Wdflit 
chargB. 

Mttthana 

and 
ethane. 

Result. 

Date  (1912). 

Weiflit 
chainKa. 

ICeKhana 

and 
ethane. 

Benlt 

Tisr  1. 

MayT. 

Do 

(hamt. 
310 
310 
310 
310 
310 
310 
310 
310 
310 
310 

310 
310 
310 

Percent. 
7.97 
8.01 
8.32 
8.22 
7.88 
8.06 
8.44 
8.18 
8.44 
8.12 

Nolmitloa. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ffliltlon. 
Do! 

Test  3— Oon. 

Hays 

Do 

Do 

Do 

Do 

Do 

Do 

TBR4. 

Iiay7 

Do 

Do 

May  8 

Do 

OroMM. 
310 
310 
310 
310 
310 
310 
310 

•  680 

•  680 

•  680 

•  680 

•  680 

Percent. 

Noinifltinn 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do.  ...*.. 

Do. 

Do 

Do 

Do 

Tins. 

Mays 

4.64 
4.30 
4.36 
4.34 

4.37 

Noimltkn. 
Do. 
Do. 
Do. 

mm^jtf.  ....... 

Do 

Do. 

Do 

•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


May  7. 
Do 
Do 


Distance 

between 

spark  points. 


3iUlimeter9. 
16.50 
15.90 
16.10 


Peripheral 

speed  of  drum 

per  second. 


lieten. 
44.0 
44.5 
44.0 


Rate  of 
detonation 
per  second. 


Metert, 
2,667 
2,709 
2,738 


Average  rate  of  detonation,  2,733  meters  (8,960  feet)  per  second. 
91863**— Bull  66—13 13 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Flahe  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 


Apr.  23 
Do 
Do 


Height  of 
photograph. 


MimmeUrt, 
10.75 
10.50 
6.75 


Height  of 
fUune. 


Jneket, 
13.58 
13.26 
8.53 


Duration 
distance. 


MUUnteUn. 
4. 25 
4.00 
2.50 


Duration  of 


MUliteeondi. 
0.212 
.200 
.125 


Average  height  of  flame,  11.79  inchea 
Average  duration  of  flame,  0.179  milllBecond. 


Date,  August  20,  1912. 


Impact  Test. 


Distance  of 
fEdl. 

Number  of 
trials. 

Result. 

Distance  of 
f^. 

Number  of 
trials. 

Result. 

Centimetert. 
40 
80 
20 
10 

1 

1 
1 
1 

Explosion. 

Do. 

Do. 
No  explosion. 

CentbfuUrf, 
14 
16 
15 

1 

1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 

(5.91  inches). 

£xplosion-by-Influbnce  Test. 

Weight  of  each  cartridge,  206  grams. 


Date  (1012). 

Distance 
sepaiatlng 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.9 

Do 

Indiea. 

2 
1 

Did  not  explode. 
Exploded. 

Sept.  9 

Do 

Inehet. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Aug.  26. 

Do. 

Do. 
Aug.  24. 

Do. 

Do. 
Aug.  23. 

Do. 

Do. 


Date  (1912). 


Charge.a 

Speoiflc 
gravity. 

QrafM. 

215 

1.28 

215 

1.28 

215 

1.28 

215 

1.28 

215 

1.28 

215 

1.28 

215 

1.28 

215 

1.28 

215 

1.28 

Height  of 
curve. 


MUlimeUrs. 
21.50 
21.25 
21.75 
21.25 
20.76 
20.25 
20.50 
20.50 
20.00 


Pressure 
per  square 
oentimeter. 


Kliogranu. 
67.19 
66.41 
67.97 
66.41 
64.84 
63.28 
64.06 
64.06 
62.50 


OwUng 
surfiice. 


A 
A 
A 

B 
B 

B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


KUoffnvu. 
67.19 

64.84 

63.64 


a  Including  15  grams  of  the  original  wrapper. 


RESULTS  OF  TESTS. 
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P—1.911A+0.5B— 1.4110«=71.17  kilograms  per  square  centimeter. 

y»>  15,000  cubic  centimeters.'       S»1.28.       W»215  grams. 

VPS 
M=-^^  =6,356  kilograms  per  square  centimeter  (90,400  pounds  per  square  inch). 

Pboducts  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  May  14,  1912. 
Solid 


{Analyst,  A.  L.  Hyde.] 


Grams. 
.  93.1 


Liquid  (water) 31. 3 

Gaseous 75. 6 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grains. 


Height. 

Date  (1912). 

Before 
explosion. 

After 
explosion. 

Compression. 

Auc.  15 

JiUUmeterM. 
63.25 
63.25 
62.75 

MiUimeterM. 
52.75 
53.25 
52.76 

MiiUmttert. 
10.50 

Do 

10.00 

Do 

10.00 

Average  compression,  10.2  millimeters  (0.40  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date  (1012). 

Before 
shot. 

After 
shot. 

tare  of 
block. 

Sent.  27 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
168 
172 
109 

Cubic  centi^ 

meters. 

106 

110 

107 

15 

^dJ.:::.:::: : 

15 

Do 

15 

Average  expansion  of  bore  hole,  108  cubic  centimeters  (6.59  cubic  inches). 

HECLA  NO.  2. 

Explosive,  Hecla  No.  2. 

Class  la,  ammonium  nitrate. 

Manufactured  by  the  E.  I.  du  Pont  de  Nemoure  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  252  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  dry,  hard,  slightly  cohesive. 
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TESTS  OF  PERMIBSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  7,  1910. 

Unit  swing  on  this  date,  2.99  inches. 

Weight  of  charge,  in  grams,  240,    240,    240. 

Swing,  in  inches,  2.81,    2.82,    2.89. 

Average  swing,  in  inches,  2.84. 

2.84  : 2.99  : :  240  :  (253). 
Therefore  the  unit  deflective  chaige  of  Hecla  No.  2  ib  253  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weieht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

1 

Weteht 
charge. 

Methane 

and 
ethane. 

liesolt. 

Test  1. 
Feb.  11 

OromM. 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 

263 
253 
253 

Percent. 
8.33 
8.16 
8.26 
8.07 
8.07 
8.16 
8.07 
8.07 
8.16 
8.07 

Noipiftkvi. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  imition. 
Do! 

Test  3— Cod. 

Feb.  16 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  18 

Do 

Do 

Do 

Apr.  16 

Qfonu. 
263 
253 
253 
268 
253 
253 
253 

a680 
a680 
a680 
a680 
a680 

Per  cent. 

No  tenltion. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 



Do. 

Do 

Do. 

Do 

3.97 
3.97 
3.92 
3.87 
4.04 

Do 

Feb.  12 

Test  3. 
Fob.  16 

Nohmition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Mar.  4. 

Mar.  7. 

Do 


Distance 

between 

spark  points. 


MtiUmeUri. 

10.34 

9.96 

9.96 


Peripheral 

speed  of  drum 

per  second. 


Jieten. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Mtten. 

4.159 
4.317 
4,317 


Average  rate  of  detonation,  4,264  meters  (13,990  feet)  per  second. 

Flame  Test. 


Peripheral  speed  of  fihn, 

20  meters  per  second. 

Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 

Duration  of 
flame. 

Jan.  28 

Millimeters. 
6.75 
3.00 
7.00 

Inchet. 
8.53 
3.79 
8.84 

MUHmetert. 
1.76 
1.00 
1.78 

JtfUttwcoiub. 
0.068 

Do 

.050 

Feb.  21 

.068 

Average  height  of  flame,  7.05  inches. 
Average  duration  of  flame,  0.075  millisecond. 


RESULTS  OF  TESTS. 
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Date,  December  5,  1912. 


Impact  Test. 


DistiDoeof 
tiU. 

NnmlMrof 
trteb. 

R«8U]t. 

Distance  of 
fall. 

Number  of 
trialB. 

Result. 

CnUmtten. 
8 
16 
33 
64 
48 
44 

Noexplodon. 

Do. 

Do. 
EziklociQn. 

Do. 

Do. 

CenUmtUrt. 
43 
43 
43 
42 
41 
40 

No  e3n)lo8k«. 

DcT^ 
Explosion. 

Do. 

Do. 
No  explosion. 

The  maTimiiiTi  height  at  which  no  explosion  occurs  established  at  40  centimeters 

(15.76  inches). 

Explosion-by-Influbnce  Test. 

Weight  of  each  cartridge,  166  grams. 


Date  (1912). 

Distance 
sepaiating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1012). 

Dtatance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dee.  13 

Do 

Do 

/ncftet. 

4 
2 

1 

Didttotcz|dode. 

Do. 
Exploded. 

Dec.  13 

Do 

/ncftet. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 
Theoretical  Haximxtm  Pressube  Developed  in  Own  Voluxe,  as  Deterxined 

BT  BiCREL  PbEBSITRE  GAGE. 

Indicator  spring,  0.24  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912-13). 


Jan.  23. 

Do. 

Do. 
Dec«L. 
Feb.  13. 

Do. 
23. 

Do. 

Do. 


Charge.a 

Specific 
gravity. 

Grams, 

217 

1.03 

217 

1.08 

217 

1.03 

217 

1.03 

217 

1.03 

217 

1.03 

217 

1.03 

217 

1.03 

217 

1.03 

Height  of 
curve. 


MmtnuterB. 
22.00 
21.25 
21.00 
20.00 
20.25 
10.75 
19.00 
19.75 
19.26 


Pressure 

per  square 
centimeter. 

Cooling 
surfEkoe. 

Kilograms. 

91.67 

A 

88.54 

A 

87.60 

A 

83.33 

B 

84.38 

B 

82.20 

B 

79.17 

C 

82.29 

C 

80.21 

c 

Average 

pressure 

per  square 

centimeter. 


KUognmSm 
89.24 

83.33 

80.66 


P 

V 


a  Including  17  grams  of  the  original  wrapper. 

1.911A+0.5B— 1.4110=98.63  kilograms  per  square  centimeter. 

15,000  cubic  centimeters.        S»1.03.      W=217  grams. 

VPS 

•^^a7,016  kilograms  per  square  centimeter  (90,780  pounds  per  square  inch). 


Pboducts  ov  CoxBUsnoK  FBOX  200  Grams  or  the  ExBhOBnrm  and  17  Gjums  ow 

THE  Original  Wrapper. 


Date,  July  14,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

24.5 

Liquid  (water) 64.5 

Gaseous 124.4 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  of  the  Explosivb. 
Charge,  108.5  grams.^* 


Date  (1913). 


JazL23. 

Do. 

Jan.  24. 


Weight 
of  ^'Bter. 


KOooramt. 
81.95 
81.95 
81.95 


Rise  in 

temi)erar 

ture. 


•C. 
1.060 
1.004 
1.083 


Heat  devel- 
oped per 
kuogFBin. 


Oaloriei. 
906.5 
934.8 
984.0 


a  IncludJxig  8.5  grams  of  the  orighial  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  924.8. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Height. 

Date  (1918). 

Befbre 
exploston. 

After 
explosion. 

Compression. 

Jan.  ?K.                                        ,              

Millimeters. 
64.00 
63.75 
64.00 

MUUmetert. 
48.00 
47.35 
47.50 

lamauters. 
16.00 

Do 

16.50 

IK) 

16.50 

Average  compression,  16.3  millimeters  (0.64  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot 

After 
shot 

ture  of 
block. 

Nov.  15 

Cubic  centir 
metert. 
63 
63 
63 

Cublecenti- 
meters. 
310 
305 
316 

CuMceenH- 
meters. 
347 
342 
353 

15 

Do 

15 

Nov.  16 

15 

Average  expansion  of  bore  hole,  247  cubic  centimeters  (15.07  cubic  inches). 

KANITE  A. 

Explosive,  Kanite  A. 

Class  16,  ammonium  nitrate. 

Manufactured  by  the  W.  H.  Blumenstein  Chemical  Works. 

Physical  examination: 

Diameter  of  cartridge.  If  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  289  grains. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.91. 

Color  of  explosive,  com. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


SE8ULTS  OF  TESTS. 
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Unit  deflective  cbarge  as  determined  by  the  balliBtic  pendulum: 

Date,  April  5,  1910. 

Unit  Bwing  on  thia  date,  3.44  inches. 

Weight  of  charge,  in  grams,  260,    260,    260. 

Swing,  in  inches,  3.54,    3.49,    3.50. 

Average  swing,  in  inches,  3.51. 

3.51  :  3.44  :  :  260  :  (255). 
Therefore  the  unit  deflective  charge  of  Eanite  A  is  255  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weicht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Wekht 
charge. 

Methane 

and 
ethane. 

Resolt. 

Test  1. 

Apr.6 

Do 

Orams. 
Vm 
255 
265 
265 
265 
255 
255 
255 
255 
255 

2S5 
256 
255 

Per  cent, 
7.99 
7.80 
7.90 
7.90 
7.90 
7.90 
7.80 
7.90 
7.80 
7.80 

No  Imltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Imltlon. 
Do. 
Do. 

Tew  3— Con. 

Apr.  8 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  7 

Do 

Do 

Do 

Do 

Oramt. 
255 
255 
265 
255 
255 
255 
265 

a680 
a680 
a680 
0680 
0680 

Per  cent. 

No  iffoition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do    

Do. 

Do 

Do 

Apr.  7 

TsnS. 

Apr.  8. 

Do 

8.85 
3.80 
3.80 
3.81 
3.85 

m 

No  ignition. 

Do. 
Do. 

Do. 

Do 

a680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  If  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 


Apr.  0. 
Do 
Do 


Distance 

between 

spark  points. 


MUlimetere. 
13.06 
13.40 
12.99 


Peripheral 

speed  of  drum 

pw  second. 


Jietert. 
43.0 
43.0 
43.0 


Rate  of 
detonatidn 
per  second. 


Meiers, 
3,292 
3,209 
3,310 


Average  rate  of  detonation,  3,270  meters  (10,730  feet). per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Oct.  17 
Do 
Do 


Height  of 
photograph. 


MUttnteUn 
13.50 
14.00 
16.25 


Height  of 
flfune. 


Inchee. 
17.06 
17.68 
20.68 


Duration 
distance. 


Mmmetere. 
6.00 
6.50 
7.75 


Duration  of 
flame. 


MiOUeomdM. 

asoo 

.276 


Average  height  of  flame,  18.42  inches. 
Average  duration  of  flame,  0.321  millisecond. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Date,  October  18,  1912. 


Impact  Test. 


Dlstaooeof 
fUl. 

Number  of 
triab. 

ResQlt 

Distaoeeof 

ftai. 

Number  of 
trials. 

Bewlt. 

OenUmetert, 

CentimOert. 

80 

Explosion. 

51 

No  explosian. 

60 

Do, 

51 

Explosion. 

40 

No  exploalon. 

50 

Do. 

50 

Do. 

46 

No  explosion. 

56 

Explosion. 

48 

Explosion. 

54 

Do. 

47 

No  explosion. 

52 

No  expkMion. 

47 

Explosion. 

53 

Explosion. 

46 

No  explosion. 

52 

Do. 

The  TnaiiimiTn  height  at  which  no  explosion  occurs  estabUahed  at  46  centimeten 

(18.11  inches). 

Explosion-by-Infxubnce  Test. 

Weight  of  each  cartridge,  143  grama. 


Date(l»12). 

separating 
oartrldges. 

oartnoge. 

Date  (UlS). 

Distance 
separating 
cartridges. 

'^^'^ 

Oct.  31 

Do 

Do 

Indut. 

2 
1 

1 

Did  not  explode. 
Do. 
Do. 

Oct.  31 

Nov.4 

Jneke*. 

1 
0 

Did  not  explode. 
Exploded. 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  1  inch. 

Theoretical  MAxnfuif  Pressure  Developed  in  Own  Yoluii e,  as  Determined 

BY  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.24  millimeters  1  kilogram  per  square  centimeter. 


Date  (IftU). 

• 

Cbarge.a 

Specific 
gravity. 

Height  of 
cnnre. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Ayeragie 

pressure 

per  square 

centimeter. 

Anr.  16 

Oramt. 
213 
213 
213 
213 
213 
213 
213 
213 
213 

0.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 

liilUnutert. 
27.50 
27.75 
27.75 
26.50 
27.00 
27.60 
24.75 
25.75 
25.50 

Eiloanmt. 
114.58 
115.63 
115.63 
110.42 
112.50 
114.58 
103.13 
107.29 
106.25 

A 
A 
A 
B 
B 
B 
C 
C 

c 

jniografBs. 

^^Do:::::::::::::::::::::::::::::: 

11S.28 

Do 

Apr.  15 

^Do : 

112.50 

Anr.  16 

*^Do..::::::::::::::::::::::::.:.: 

Do 

106.66 

,       ±r^  ............................. 

Do 

« Including  13  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=127.60  kilograms  per  square  centimeter. 
V»  15,000  cubic  centimeters.        S»0.82.        W=213  grams. 

VPS 

M=-^^»7,368  kilograms  per  square  centimeter  (104,800  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

the  Original  Wrafpbr. 

[Analyst,  A.  L.  Hyde.] 


Date,  September  8, 1910. 
SoUd 


Orams 
12.6 

Liquid  (water) 86. 0 

Gaseous 110.6 


RESULTS  OF  TBBT8. 
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Large  Caloiosb  Dbyslofbd  bt  1  Kjloq^am  of  tbb  Ezflosiyb. 
Ghaige,  106.5  grama^ 


Date  (1913). 


Apr.  17. 
Do. 
Do. 


Weight 
of  water. 


81.06 
81.86 
81.05 


Heat  devel- 
oped per 
kuogram. 


968.4 

963.1 

1,003.8 


a  laoludiDg  6.5  grams  of  the  original  wrapper. 
Aveiage  laige  calories  per  kilogram  of  explosive,  991.6. 

COMFRXSSION  OF  SXALL  LbAD  BlOCKS. 

ChATge,  100  grams. 


Date  (1912). 

Height. 

Before 
ezplosiML. 

After 
ezptoeion. 

CompMBlon. 

Oct.  23 

MimmeUri. 
63.25 
63.25 
62.50 

MUUtneteri. 
49.00 
49.60 
48.75 

JflUiffiMter*. 
14.25 

Do 

13.76 

Do 

13.75 

Average  compression,  13.9  millimetera  (0.65  inch). 

Expansion  of  Borb  Holb  of  Trauel  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

Bznanelon 

of  bore 

hole. 

Tempera- 

Date (1910). 

Before 
shot 

After 
shot. 

ture  of 
block. 

Nov.  11 

CuMeeenH- 
mttertt. 
63 
63 
63 

CaMceen^ 

276 
270 
260 

CvJbkcaai- 
meters. 
213 
207 
197 

•c. 

16 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  206  cubic  centimeters  (12.57  cubic  inches). 

LOXTTE  NO.  1. 

Explosive,  Lomite  No.  1. 

(Hass  2,  hydrated. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Go. 

Fhyaical  examination: 

I>iameter  ol  cartridge,  \\  inches. 

Length  of  cartridgei  8  inches. 

Average  weight,  202  grains. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.23. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  chaige  as  determined  by  ballistic  pendulum: 

Date,  October  28,  1912. 

Unit  swing  on  this  date,  3.43  inches. 

Weight  of  charge,  in  grams,  295,    295,    295. 

Swing,  in  inches,  3.40,    3.37,    3.33. 

Average  swing,  in  inches,  3.37. 

3.37  :  3.43  :  :  295  :  (300). 
Therefore  the  unit  deflective  charge  of  Lomite  No.  1  is  300  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Wekht 
charge. 

Metliane 

and 
ethane. 

Result. 

Date  (1912). 

Weteht 
charge. 

Methane 

and 
ethane. 

RescJt. 

Test  1. 
Oct.  81 

Orami. 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

300 
300 
300 

PereefU. 
8.18 
7.91 
7.86 
8.40 
8.63 
7.96 
8.23 
8.45 
8.26 
8.53 

No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Tew  3— Con. 

Nov.6 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  4 

Do 

Do 

Do 

Do., 

Oramt. 
300 
300 
300 
300 
300 
300 
300 

0680 
0680 
0680 
a6«) 
O680 

Percent. 

Noijmltlon. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tb8t3. 

Nov.  5 

4.18 
4.11 
4.12 
4.18 
4.11 

Nolmition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grama  or  more  was  used. 
Ratb  of  Detonatiok. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Oct.  31 
Nov.  1. 
Nov.  2. 


Distance 

between 

spark  points. 


MJUmeten. 

9.90 

9.75 

10.00 


PeriphBral 

speed  of  drum 

per  second. 


2£eter8. 
42.0 
42.0 
42.0 


Rate  of 
detonatJon 
per  second. 


3ieten. 

4,342 
4,808 
4,200 


Average  rate  of  detonation,  4,250  meters  (13,940  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Data  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 

Duration  of 
flame. 

Feb.  20 

MUUmeten. 
10.25 
8,75 
9.00 

/neftet. 
12.06 
11.05 
11.37 

MUttmeUn. 
6.75 
5.25 
6.75 

JflfffsaeoiMb. 
a338 

Do 

.208 

Do ,. 

.338 

Average  height  of  flame,  11.79  inches. 
Average  duration  of  flame,  0.313  millisecond. 
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Impact  Tbst. 


Date,  November  8,  1912. 


Distance  of 
ML 

Number  Of 
trials. 

Result. 

Distanoeof 
ML 

Number  of 
trials. 

Result. 

10 
30 
16 

1 
1 
1 

No  explosion. 
Explosion. 
Do. 

Centimeters, 
U 
15 

1 
5 

No  explosion. 
Do. 

'Hie  niaxiinum  height  at  which  no  exploflion  occurs  eBtablished  at  15  centiineten 
(5.91  inchee). 

£xplo8ion-bt-Influencs  Tbst. 

Weight  of  each  cartridge,  196  grams. 


Date  (1912). 

DisteDoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Not.  11 

Do 

Do 

'lO 
6 

8 

Did  not  explode. 
Exploded. 
Do. 

Nov.  11 

Do 

Do 

Inches. 

9 
9 
9 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Thborbtical  liAXDfUM  Pbessurb  Dbtbloped  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.24  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.a 

Speoiflo 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Ayerage 

pressure 

per  square 

centimeter. 

Dee.  2 

(hams. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.28 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 

MUUmeUrs. 
15.75 
15.60 
15.75 
14.26 
14.50 
14.50 
14.75 
14.75 
14.75 

Kiloiirams. 
05.63 
64.58 
65.63 
59.38 
60.42 
60.42 
61.46 
61.46 
61.46 

A 

A 

A 
B 
B 
B 
C 
C 
C 

laiograms. 

Do- 

65.28 

Do 

Do 

Do 

60.07 

Do 

Do 

Do 

61. 46 

Do 

a  Including  12  grams  of  the  original  wrapper. 

P»1.911A+0.5B— 1.411G«68.07  kilograms  per  square  centimeter. 
y»15,000  cubic  centimeters.        S">1.23.        W=212  grams. 


M» 


VPS 


w 


'5,924  kilograms  per  square  centimeter  (84,260  pounds  per  square  inch). 


Products  of  Combustion  Frox  200  Grams  of  thb  Explosive  and  12  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  November  6,  1912. 
Solid 


Grams. 

69. 1 

Liquid  (water) 18.  7 

Gaseous 114. 6 
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TESTS  OF  PEBMI8SIBLB  EXPLOSIVES. 


Large  Calobies  Developed  bt  1  Kilogram  op  the  Explosive. 
Charge,  106. 0  gramB.^ 


Date  (1913). 


Jan  33. 
Do. 
Do. 


Weight 
ofvatar. 


81.95 
81.96 
81.95 


Rinin 

temx>erar 

tore. 


•C. 
0.830 
.784 
.781 


Kxio^reiii. 


71&3 
683.4 
680.8 


o  Includixig  6  grams  of  the  origtDal  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  693.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1913). 

Before 
explosioa. 

Alter 
ezploslon. 

CompnaaSetu 

Feb.  35 

MUUmeter*. 
63.60 
63.60 
68.60 

MUUnuUn. 
47.00 
47.35 
47.60 

1&60 

Do 

16l35 

Do 

16.00 

Average  compression,  16.2  millimeters  (0.64  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volttme  of  bose  hole. 

Expansion 

or  bore 

hole. 

Tempera> 

Date  (1913). 

Before 
shot. 

After 
shot. 

tore  of 
block. 

Nov.  14 

CSMceenO- 

vuien. 

63 

63 

63 

CvhkcenO- 

metert. 

238 

331 

335 

CubteeenU- 

meUft. 

166 

159 

163 

•c. 

16 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  163  cubic  centimeters  (9.94  cubic  inches). 

MINE-ITB  A. 

Explosive,  Mine-ite  A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  203  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS  OF  TKSTS. 
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Unit  deflective  charge  as  determined  by  the  balUstic  pendulum: 

Date,  AugfUBt  6,  1909. 

Unit  awing  on  this  date,  2.79  inches. 

Weight  of  chaige,  315,    315,    315. 

Swing,  in  inches,  2.95,    2.98,    2.97. 

Average  swing,  in  inches,  2.97. 

2.97  : 2.79  :  :  315  :  (296). 
Therefore  the  unit  deflective  chaige  of  Mine-ite  A  is  296  grams. 

Gas  and  Dust  Gallery  No.  1. 


Data  (1909). 


1. 

Aug- 7.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 
AQg.O 

Do.... 

Do.... 
Aug.  10... 

Tmt  3. 

Attg.9.... 
Do..-. 
Do.... 


Weteht 

Methane 
and 

charge. 

ethane. 

Oranu. 

Per  cent. 

296 

8.30 

296 

8.30 

296 

8.47 

296 

8.30 

296 

8.47 

296 

8.47 

296 

8.23 

296 

8.39 

296 

8.23 

296 

8.17 

296 

296 

296 

1 

Result. 


No  imition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Notoiitloii. 
Do. 


Do. 


Date  (1909). 


Test  3— Con 

Aiig.0 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  6 

Do 

Do 

Do 

Do 


Weieht 
charge. 

Methane 

and 
ethane. 

Oromt. 
296 
296 
296 
296 
296 
296 
296 

•680 
•  680 
'680 
«680 
a680 

Percent. 

4.23 
4.40 
4.40 
4.40 
4.02 

Result. 


No  l|mitSoii. 

Do! 
Do. 
Do. 
Do. 
Do. 


NolgnitiaL 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 

Rats  of  Dbtonation. 
Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Distance 

between 

spark  polntB. 


JuoaS. 
Do 
Do 


MUHmeUre. 
12.67 
12.36 
12.54 


Peripheral 

speed  of  drum 

per  sooood. 


MeUre. 
43.0 
48.0 
43.0 


Rate  of 
detonation 
per  second. 


Metere. 
3,421 
3,479 
3,429 


Avenge  rate  of  detonation,  3,443  meters  (11,290  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar,  24 

MilHmetert. 
14.50 
13.25 
16.00 

Indtet. 

18.32 
16.74 
20.21 

mmnuten. 
6.25 
6.26 
7.50 

MmUeeondi. 
0.312 

Do 

.312 

Do 

.376 

Average  height  of  flame,  18.42  inches. 
Average  duration  of  flame,  0.333  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Impact  Tbot. 


Date,  Aiay  3, 1910. 


Distance  of 
fUI. 

Namberof 
trials. 

Result. 

DistBooeof 
ftai. 

Number  of 
trials. 

Result. 

CenUmetert. 
30 
13 
16 
13 
14 
13 

Explosion. 
No  explosiaii. 
Explosion. 
No  exploston. 
Explosion. 
Do. 

OenUtiuUrM, 
13 
10 

9 

9 

8 

1 
1 
3 
1 
6 

Bxplosloo. 

No  explosion. 
Explosion. 
No  explodoD. 

The  maximum  height  at  which  no  explodon  occurs  established  at  8  centimetera 
(3.15  inches). 

£xplo8Ion-bt-Influbncb  Tbst. 

Weight  of  each  cartridge,  182  grains. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1013). 

Dtatanoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

Inekei. 

/neftet. 

Dec.  5 

10 

Exploded. 

Did  not  explode. 

Dec.  6 

16 

Did  not  explode. 

Do....... 

13 

Do 

16 

Exploded. 

Do 

13 

Exploded. 

Did  not  explode. 

Do 

17 

Do. 

Do 

14 

Do 

18 

Do. 

Do 

13 

Do. 

Do 

19 

Did  not  explode. 

Do 

13 

Exploded. 

Do 

19 

Exploded. 

Did  not  explode. 

Dec.  6 

14 

Do. 

Dec.  7 

30 

Do 

15 

Did  not  explode. 

Do 

30 

Do. 

Do 

15 

Do. 

Do 

30 

Do. 

Do 

15 

Exploded. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  20  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Dbtsrminsd 

BY  Bichel  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter»l  kilogram  per  square  centimeter. 


Date  (1913). 

Cliarge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
oentimeter. 

Cooling 
surftKM. 

Average 

pressure 

per  square 

oentimeter. 

Jan.  33 

Orafiu. 
5313 
313 
313 
313 
313 
313 
313 
313 
313 

1.13 
1.13 
1.13 
1.13 
L13 
1.13 
L13 
1.13 
1.13 

14.75 
30.00 
30.35 
19.75 

saoo 

30.35 
19.75 
19.75 
19.35 

fOosranw. 
^61.46 
62.50 
63.38 
61.73 
62.50 
63.38 
61.73 
61.73 
6ai6 

A 
A 

A 
B 
B 
B 
C 
C 
C 

S&ofmmt. 

Do 

62i41 

Do 

Do 

Do 

68.50 

Do 

Do 

Do 

6L30 

Jan.  34 

a  Including  13  grams  of  the  original  wrapper. 

A  Indicator  sprug^  0.34  millimetar- 1  kilogram  per  square  oentimeter. 

P=1.911A4-0.6B -1.4110=64.16  kilograms  per  square  centimeter. 

V=16,000  cubic  centimeters.        8=1.13.        W— 213  grams. 

VPS 
M=-^M^=5,106  kilograms  per  square  centimeter  (72,620  pounds  per  square  indi). 


BBSULT8  OF   TESTS. 
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Pboduots  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  op 

THE  Original  Wrapper.  • 


Date,  February  27, 1913. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

66.1 

Liquid  (water) 20.0 

Gaseous 107. 9 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  106.5  grama  o 


Date  (1013). 

• 

Weight 
of  water. 

Ttiseln 
tempera- 
tare. 

Heatderel- 
opedper 
kilogram. 

Jan.  4 

FUoonnu, 
81.06 
81.05 
81.05 

•c. 

0.822 
.702 
.811 

Oahrift. 
713.6 

Jan.  6 

687.2 

Do 

703.0 

o  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  701.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1010). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  17 

MUlimeters. 
63.50 
63.50 
63.50 

MUttineteTs. 
50.00 
50.00 
50.00 

Mittivruters. 
13.50 

Do 

13.50 

Do 

13.50 

Average  compression,  13.5  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


V 

Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1010). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Vtir-  »9               

CvMc  centi- 
meters. 
62 
62 
62 

CvMc  centi- 
meters. 
254 
253 
262 

Cubic  centi- 
meters. 
102 
101 
200 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  194  cubic  centimeters  (11.83  cubic  inches). 
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TESTS  OF  PEBMI8SIBLB  EXPLOSIVES. 


Explosive,  Mine-ite  A-2. 

Glafls  4y  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  151  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  March  11, 1912. 

Unit  Bwing  on  this  date,  3.60  inches. 

Weight  of  charge,  in  grams,  310,    310,    310. 

Swing,  in  inches,  3.32,    3.46,    3.42. 

Average  swing,  in  inches,  3.40. 

3.40: 3.50::  310:  (319). 
Therefore  the  unit  deflective  charge  of  Mine-ite  A-2  is  319  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Wei£ht 
chai^. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Wetajit 
charge. 

Methane 

and 
ethane. 

Renit. 

TEflT  1. 
Mar.  12 

Qravu. 
319 
319 
319 
819 
319 
319 
319 
319 
319 
319 

319 
819 
319 

Percent, 
7.99 
8.23 
8.09 
7.76 
7.87 
7.98 
7.91 
7.90 
7.88 
7.86 

Noimltkm. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Nolfmltkni. 
Do! 

Test  3— Con. 

Mar.  16 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.14 

Do 

Do 

Do 

Do 

OrmM. 
319 
319 
319 
319 
319 
319 
319 

•  680 
«080 
a680 

•  680 
a680 

Percent. 

Noimltian. 

Do 

Do 

Do. 

M*r  la 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

TEflT  3. 
Uor  14 

4.06 
4.08 
4.21 
4.14 
4.08 

NoindtJon. 

Do. 
Do. 

Do 

Do. 

Mat   is 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  H  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Mar.  11 

Mar.  16 

Do 


Distance 

between 

spark  points. 


Mmmeten. 
13.85 
13.70 
13.66 


Peripheral 

speed  of  drum 

I>er  second. 


Meier: 
46.0 
44.6 
44.6 


Rate  Of 
detonation 
per  second. 


Ilaen. 

3,249 
3,218 
3,200 


Average  rate  of  detonation,  3,252  meters  (10,670  feet)  per  second. 


EESULTS  OF  TESTS, 
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FlAMB  T£8T. 

Peripheral  speed  of  film,  20  meteis  per  second. 


Date  (1912). 


May  14 

Do 
Do 


Height  of 
photograph. 


MUUmetert 

1L75 

9.25 

12.00 


Height  of 
fl^e. 


IncheM. 
14.84 
11.68 
15.16 


Duxation 
distance. 


MmmeterM. 
4.00 
8.00 
4.00 


Duration  of 
flame. 


MiUiseeondt. 
a200 
.150 
.200 


Average  height  of  flame,  13.89  inches. 
Average  duration  of  flame,  0.183  millisecond. 


Date,  April  20,  1912. 


Impact  Test. 


Distance  of 
faU. 

Number  of 
triab. 

Result 

Distance  of 
fiUL 

Number  of 
triais. 

Result. 

20 
18 
19 
19 

1 

1 
3 
1 

Explosion. 
No  explosion. 

Do. 
Explosion. 

CentimtUrs. 
18 
17 
16 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  eetabliahed  at  16  centimeteiB 

(6.30  inches). 

£xplosion-bt-Influbnce  Test. 


Weight  of  each  cartridge,  150  grams. 

Date  (1912). 

Distance 
sepaiating 
.cartridses. 

Result,  upper 
cartiidge. 

Date  (1912). 

Dbtanoe 
separating 
cartridges. 

Result,  upper 
cartiidge. 

Mays 

Do 

Do 

Do 

2 

4 
6 
8 

Exploded. 
Do. 
Do. 
Do. 

Mays 

Do 

Do 

Do 

Inches. 

10 
9 
9 
9 

Did  not  explode. 
Do. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Thborbtigal  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.a 

Specific 
gravity. 

Height  of 
eurve. 

Pressufe 
per  square 
centimeter. 

Cooling 
surfaoe. 

Average 

iwessure 

per  square 

centimeter. 

May9 

Oravu. 
216 
216 
216 
216 
216 
216 
216 
216 
216 

a93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 

MiUimeters. 
2a  00 
19.26 
2a  00 
2a  25 
19.60 
19.50 
19.00 
18.25 
19.00 

kUoffravu. 
62.50 
6a  16 
62.50 
63.28 
60.94 
6a  94 
50.38 
57.03 
50.38 

A 
A 

A 
fi 
B 
B 
C 
C 
C 

1 

KUogramt. 

^■•*_5'  "■" * 

Do 

61.72 

Do 

May  8 

^■•j  "■ 

Do 

61.72 

Do 

Do 

May  9     

5&60 

^■•*_r 

Do 

a  Including  16  grams  of  the  original  wrapper. 
91363*'— Bull.  66—13 14 
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TESTS  OF  PERMISSIBLE   EXPLOSIVES. 


P=1.911A+0.5B— 1.411C=66.12  kilogramB  per  square  centimeter. 
V»15,000  cubic  centimeters.        8»0.93.        W=216  giamB. 

Ms-^^=4,270  kilograms  per  square  centimeter  (60,730  pounds  per  square  inch). 
W 

Pboducts  of  Combustion  from  200  Grams  of  thb  Explosive  and  16  Grams  op 

THB  Original  Wrapper. 


[AnalTst,  A.  L.  Hyde.] 


Date,  March  8,  1912. 
Solid 


Grams. 

58,5 

Liquid  (water) 15. 5 

Graseous 129.4 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.5  grams." 


Date  (1913). 


May  12. 
Do. 
Do. 


Weight 
of  water. 


Kilognma. 
81.95 
81.95 
81.95 


Rise  in 
tempera- 
ture. 


a790 
.792 
.826 


Heat  devel- 
oped i>er 
kikogram. 


Ctelorin. 
679l2 
<»0.8 
7ia4 


a  Including  7.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  690.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1912). 

Before 
explosion. 

After 
explosion. 

Compressioa. 

Apr.  18 

MUUmetert. 
83.25 
68.25 
63.25 

iHmmden, 
5a  50 
5a  75 

50.50 

imUmeUn. 
12.75 

Do 

12.50 

Do 

12.75 

Average  compression,  12.7  millimeters  (0.50  inch). 

Expansion  of>Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bora 

hole. 

Tempen- 

Date  (1912). 

Before 

shot. 

After 
shot. 

tureof 
block. 

Apr.  30 

meten. 
62 
62 
62 

CtMccetta- 

VMUrt. 

211 

218 

212 

OubieeenH- 

meten. 

140 

156 

150 

16 

IS 

Do 

IS 

Average  expansion  of  bore  hole,  152  cubic  centimeters  (9.27  cubic  inches). 


BESULXS  OF  TB8TS. 
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imns-iTB  B. 

Explosive,  Mine-ite  B. 

Claas  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Go. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  183  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibroiis,,  fine,  dry,  soft,  slightly  cohesive. 
Unit  defleqtive  charge  as  determined  by  the  baUistic  pendulum: 

Date,  August  4,  1909. 

Unit  swing  on  this  date,  2.96  inches. 

Weight  of  charge,  m  grains,  340,    340,    340. 

Swing,  in  inches,  2.95,    2.92,    2.97. 

Average  swing,  in  inches,  2.96. 

2.95  :2.95  ::  340:  (340). 
Therefore  the  unit  deflective  charge  of  Mine-ite  B  is  340  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1900). 

Welsht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weieht 
charge. 

Methane 

and 
ethane. 

Result. 

TiSTl. 

Aug.  4 

00 

Qnimt. 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 

340 
340 
340 

Percent. 
7.88 
8.63 
8.13 
8.13 
8.37 
8.37 
8.30 
8.47 
8.50 
8.47 

Noimltioa. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

NoUoiitlon. 
Do. 
Do. 

Tkst  3— Con. 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Do 

Do 

Do 

Chremt. 
*    340 
340 
340 
340 
340 
340 
340 

a680 
0  680 
ofiSO 
'680 
a680 

Percent. 

No  ignition. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Aug.  5 

Do 

Do 

Do 

TB8T3. 

Aug.  6 

Do 

Do. 

4.14 
3.98 
3.81 
8.00 
3.81 

No  ifliition. 
Do. 
Do. 
Do. 

Do. 

Do 

a  080  gtanu  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1909-10). 


Aug.  25 

Junes . 

Do. 


Distance 

between 

sparlc  points. 


Mmmetere, 
14.76 
15.00 
14.63 


Peripheral 

speed  of  drum 

per  second. 


MOert. 
43.0 
43.0 
43.0 


Rate  Of 
detonation 
per  second. 


MeUn. 
2,915 
2,807 
2,941 


Average  rate  of  detonation,  2,908  meters  (9,540  feet)  per  second. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
fjiune. 

Duia&m 
distance. 

DajnaOanof 
flame. 

War.  74 

MilUmeUrs. 
13.00 
12.25 
9.50 

Indies. 
10.42 
15.47 
12.00 

MiUimeters. 
6.50 
0.25 
5.00 

MUU$eo9nd9. 
0.275 

Do 

.312 

Do 

.250 

Average  height  of  flame,  14.63  inches. 
Average  duration  of  flame,  0.279  millisecond. 


Date,  May  5,  1910. 


Ikpact  Test. 


Distance  of 
1^. 

Number  of 
trials. 

Result. 

Distance  of 
falL 

Number  of 
trials. 

Result. 

CenHineteTs. 

1ft 

10 

0 

8 

1 

1 
1 
1 

Explosion. 

Do. 
No  explosion. 

Do. 

Centimeters. 
9 
8 
8 
7 

1 
2 
1 
5 

ExplosioiL 
No  explosion. 
Explosion. 
No  explotlaD. 

The  maximum  height  at  which  no  explosion  occurs  established  at  7  centimeters 

(2.76  inches). 

Ezflo8ion-bt-Influence  Test. 

Weight  of  each  cartridge,  159  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Remit,  upper 
oartiidge. 

Dec.  12 

Do 

Do 

Indus. 

0 

4 
5 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Dec.  12 

Do 

Do 

5 
0 
0 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determinbd 

BY  BicHBL  Pressure  Gaob. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.a 

Spectao 
gravity. 

Height  of 
curve. 

Pressure 

per  square 

centimeter. 

Cooling 
.surface. 

Average 
pressure 

per  square 
centimeter. 

Jm  25_.          

Orams. 
214 
214 
214 
214 
214 
214 
214 
214 
214 

a99 
.99 
.99 
.99 
.99 

.  tfv 

.99 
.99 
.99 

MiUimeters. 
18.75 
18.75 
18.50 
17.25 
17.50 
17.25 
17.25 
17.25 
17.00 

Kita§nnu, 
58.50 
58.59 
57.81 
53.91 
54.09 
53.91 
53.91 
53.91 
53.12 

A 
A 

A 

B 
B 
B 
C 
C 
C 

XUagnm; 

Do 

58.33 

Do 

Jan.  24 

Jan.  25 

54.17 

Do 

Jan.  24 

Do 

53.<U 

Do 

a  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=62.85  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        8=0.99.        W=214  grams. 

VPS 
Ms:-_.b4,361  kilogiams  per  square  centimeter  (62,030  pounds  per  square  inch). 


BE8ULT8  OF  TESTS. 
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Products  of  Combustion  from  200  Grams  of  thb  Explosive  and  14  Grams  of 

THS  Original  Wrapper. 


Date,  December  11, 1912. 
SoUd 


[Analyst,  A.  L.  Hyde.) 


Grama. 

77. 7 

Liquid  (water) 15. 5 

Gaseous 103.3 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 

Charge,  107.0  gnms.^ 


Date  (1913). 


Jan.  17. 
Do. 
Do. 


Weight 
of  water. 


Kiiogmms. 
81.06 
81.05 
81.06 


Rise  in 

tempera* 

ture. 


*C. 

0.773 
.806 
.780 


Heat  devel- 
oped per 
kilogram. 


Calories. 
667.5 
606.3 
681.4 


a  Including  7  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  681.7. 


Compression  of  Small  Lead  Blocks. 


Chaige,  100  grams. 


Date  (1910). 

* 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Maria,....            

MOlimeters. 
63.75 
63.75 
63.75 

MUUmeters. 
53.25 
53.25 
53.25 

MUUmeters. 
10.50 

Do 

■  10.50 

Do 

10.50 

Average  compression,  10.5  millimeten  (0.41  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  10  ,    , . .        

Cubic  eerair 
meters. 
62 
62 
62 

Cubic  eerai- 
meters. 
220 
222 
221 

Cubic  eetUi- 

meters. 

158 

160 

150 

•c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  159  cubic  centimeters  (9.70  cubic  inches). 
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TB8TS  OF  PERMISSIBLE  EXPLOSIVES. 


HINB-ITE  B-2. 

Exploeive,  Mine-ite  B-2. 

Glass  4,  mtroglycerin. 

Manuffictuied  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  H  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  127  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.77. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  chaige  as  determined  by  ballistic  pendulum: 

Date,  March  11,  1912. 

Unit  swing  on  this  date,  3.50  inches. 

Weight  of  charge,  in  grams,  325,    325,    325. 

Swing,  in  inches,  3.38,    3.42,    3.43. 

Average  swing,  in  inches,  3.41. 

3.41: 3.50::  325:  (334). 
Therefore  the  unit  deflective  chaige  of  Mine-ite  B-2  is  334  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1012). 

Wel£ht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
chaige. 

Methane 

and 
ethane. 

Result. 

TESTl. 

Mftr  1?    . 

Oramt. 
834 
334 
334 
334 
334 
334 
334 
334 
334 
334 

334 
334 
334 

Percent. 
8.04 
7.96 
8.16 
8.00 
7.04 
7.83 
7.91 
8.06 
8.24 
8.08 

No  Ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  limltion. 
Do! 

Test  3— Gon. 

Mar.  14 

Do 

Do 

Do 

Do 

Do 

Do 

TS8T4. 

Mar.  13 

Do 

Do 

Do 

Mar.  14 

Orame. 
334 
334 
334 
334 
834 
334 
834 

0680 
0680 
•  680 
0680 
0680 

Percent. 

Noisnitioa. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

3.07 
3.06 
4.18 
4.12 
3.70 

NoLmltloQ. 

Do! 
Do. 

Do 

Do. 

Do 

0  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1012). 


Mar.  11 

Mar.  16 

Do, 


Distance 

between 

spark  points. 


MVUnuiere. 
20.00 
20.00 
10.30 


Peripheral 

speed  of  drum 

per  second. 


Metere. 
44.5 
46.0 
44.5 


Rate  of 
detonation 
per  second. 


Meters. 

2,225 
2,280 
2,306 


Average  rate  of  detonation,  2,260  meters  (7,410  feet)  per  second. 


BE8T7LTS  OF  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  metere  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Doretion 
distance. 

Duration  of 

May  13 

MUameten. 
8.00 
9.00 

8.75 

Indue. 
10.11 
11.37 
11.05 

MUHmetere. 
3.00 
8.60 
3.50 

MUUeeeonde. 
0.150 

Do 

.175 

Do 

.175 

Average  height  of  flame,  10.84  inches. 
Average  duration  of  flame,  0.167  millisecond. 


Date,  April  19,  1912. 


Impact  Test. 


Distance  of 
fail. 

Number  of 
trials. 

Result. 

Distance  of 
£aU. 

Number  of 
trials. 

Result 

CaUtmetere. 
40 
35 
30 
25 
28 
26 

Do. 
No  explosion. 
Explosion. 

Do. 

Cendmetere. 
25 
23 
21 
19 
20 

1 
1 
1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

Do. 

The  maTJmnm  height  at  which  no  explosion  occurs  established  at  20  centimeters 

(7.87  inches). 

£xplo8ion-by-Influence  Test. 

Weight  of  each  cartridge,  124  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
oartiidge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  2 

Do 

Do 

Do 

3 

1 
0 

1 

Did  not  explode. 

Do. 
Exploded. 

Do. 

May  2 

May  3 

Do 

*  2 
2 
2 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

.BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter  =1  kilogram  per  square  centimeter. 


Date  (1912). 


May  9.. 

Do. 

Do. 
May?.. 
Mays.. 

Do. 
May?.. 

Do. 

Do. 


Cbarge.a 

Speciik) 
gravity. 

Orame. 

217 

a?? 

21? 

.77 

217 

.77 

21? 

.77 

21? 

.77 

21? 

.77 

217 

.77 

217 

.77 

217 

.77 

Height  of 
curve. 


MUUmdere. 
17.25 
16.60 
17.25 
17.00 
16.50 
17.00 
16.00 
16.75 
16.75 


Pressure 
per  square 
oentimeter. 


XUograme. 
53.91 
51.56 
53.91 
53.12 
51.56 
53.12 
50.00 
52.34 
52.34 


Cooling 
surface. 


A 
A 

A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


EUogranu. 
53.13 

52.60 

51.56 


•  Including  17  grams  of  the  original  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


P=1.911A+0.5B—1.411C— 55.08  kilograms  per  square  centimeter. 

V =15,000  cubic  centimeters.        S=0.77.        W=217  grams. 

VPS 
M=-^rT-  =  2,932  kilograms  per  square  centimeter  (41,700  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  thb  Ezplosiye  and  17  Grams  of 

THE  Original  Wrapper. 


Date,  March  7,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Gnuns. 

67.4 

Liquid  (water) 12. 6 

Gaseous 126. 2 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr.  18 

MUlimeten, 
63.25 
63.25 
63.25 

liUUmeUn. 
65.75 
65.75 
55.75 

MaUwuten. 
7.50 

Do 

7.50 

Do 

7.50 

Average  compression,  7.5  millimeterB  (0.30  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

or  bore 

hole. 

Tempera- 

Date (1912). 

Before 

shot 

After 
shot. 

ture  of 
bloek. 

Apr.  29 

CuhkeenH- 

metert. 

62 

62 

62 

CtMceenO' 

vuten. 

318 

22U 

214 

156 

158 
152 

16 

Apr.  30 

16 

Do 

16 

Average  expansion  of  bore  hole,  155  cubic  centimeters  (9.46  cubic  inches). 

XnnS-ITE  NO.  6-D. 

Explosive,  Mine-ite  No.  5-D. 

Class,  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  H  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  150  grains. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.90. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BBSIJLTS  OF  TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  29,  1912. 

Unit  swing  on  this  date,  3.44  inches. 

Weight  of  charge,  in  grams,  240,    240,    240. 

Swing,  in  inches,  3.49,    3.33,    3.48. 

Average  swing,  in  inches,  3.43. 

3.43  : 3.44  : :  240  :  (241). 
Therefore  the  unit  deflective  chaige  of  Mine-ite  No.  5-D  is  241  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Wei£ht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weleht 
charge. 

Methane 

and 
ethane. 

Result. 

Tut  1. 

Oramt. 
241 
241 
241 
241 
241 
241 
241 
241 
241 
241 

241 
241 
241 

Percent. 
7,  SI 
8.25 
7.85 
7.93 
8.02 
7.93 
8.01 
7.80 
8.24 
8.30 

No  Imition. 

Da 
Do. 
Do. 
Do. 
Do. 
Da 
Do. 
Da 

No  imition. 
Da 

Test  3— C!an. 

Septs 

Do 

Do 

Do 

Do 

Do 

Do 

TEST  4. 

Aug.  31 

Do 

Do 

Do 

Do 

Chramt. 
241 
241 
241 
241 
241 
241 
241 

aflSO 
affiO 
0680 
0680 
aORO 

Percent. 

No  ignition. 

Do 

Da 

Do 

Do. 

Aug.  30 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

8ept.3 

Do 

4.21 
4.04 
4.01 

4.14 
4.22 

No  ignition. 
Do. 
Do. 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonat(»r,  No.  7. 


Date  (1912). 


Aug^ao 

Do! 


Distance 

between 

spark  points. 


MiUimetere. 
16.45 
15.80 
16.30 


Peripheral 

speed  of  drum 

per  second. 


MOert. 
43.0 
48.0 
43.0 


Rate  of 
detonation 
per  second. 


Meters. 
2,614 
2,722 
2,638 


Average  rate  of  detonation,  2,658  meters  (8,720  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  fihn,  20  meters  per  second. 


Date  (1912). 


Sept.  9.. 

Sept.  10. 

Do.. 


Height  of 
photognph. 


Mmmeters. 
8.00 
4.25 
6.25 


Height  of 
flame. 


Jnckes. 
10.11 
5.37 
7.80 


Duration 
distance. 


Mimmeten, 
3.76 
1.50 
1.50 


Duration  of 
flame. 


MWUeomit. 
0.188 
.076 
.076 


Average  height  of  flame,  7.79  inches. 
Average  duration  of  flame,  0. 113  millisecond. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Date,  September  27,  1912. 


Ikpact  Test. 


Distance  of 

fEOl. 

Number  of 
trials. 

Result. 

Distance  of 
fiill. 

Number  of 
trials. 

Result. 

CenHmeten. 
40 
20 
15 

1 
1 
1 

Explosion. 
Do. 
Do. 

Cendvuters. 
13 
11 
10 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Explosion-by-Inpluence  Test. 
Weight  of  each  cartridge,  145  grams. 


Date  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.3 

Do 

Do 

Inches. 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Sept.3 

Do 

Do 

Indus. 

2 
3 
8 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  whidi  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Detbrminso 

BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1012). 


Got.  18. 
Oct.  21. 

Do. 
Oct.  18. 

Do. 

Do. 
Oct.  7.. 
Oct.  0. . 

Do. 


Charge.a 

Specific 
gravity. 

Orams. 

218 

0.90 

218 

.90 

218 

.90 

218 

.00 

218 

.90 

218 

.90 

218 

.90 

218 

.90 

218 

.00 

Height  of 
curve. 


MUUmeters. 
30.00 
20.50 
29.00 
28.00 
28.50 
28.25 
26.75 
27.25 
26.25 


Pressure 
per  square 
centimeter. 


jnz^wrsiiM. 
03.75 
92.19 
90.62 
87.50 
89.06 
88.28 
83.59 
86.16 
82.03 


Cooling 
surface. 


A 

A 

A 
B 
B 
B 
0 
C 
C 


pressure 
per  square 
centlni0ter. 


EUogra'mt^ 
02.19 


f 


88.28 
83.50 


o  Including  18  grams  of  the  original  wrapper. 

P= 1 . 911 A +0.5B — 1 . 4110= 102 . 37  kilograms  per  square  centimeter . 
V=15,000  cubic  centimeters.        S=0.90.        W=218  grams. 


M» 


VPS 


w 


:6,339  kilograms  per  square  centimeter  (90,160  pounds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Ezflosiye  and  18  Grams  of 

THE  Orioinal  Wrapper. 


Date,  September  4,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


QiBms. 

20.5 

Liquid  (water) 68. 0 

Gaseous 119. 4 


BESXJLTS  OF  TESTS. 
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LaBOB  GaLOBIES  DbYSLOPBP  by  1   KiLOGBAM  OF  THB  EXPLOSIVE. 

Chaige,  109.0  grams.^i 


Date  (1913). 


Sept.  14. 
Sept.  16. 
Do. 


Weight 
of  water. 


EUognnu. 
81.05 
81.05 
81.05 


Rise  in 
tempera- 
ture. 


•C. 
1.155 
1.160 
1.115 


Heat  devel- 
oped per 
kilogram. 


CtttarUt. 
962.8 
994. 9 
048.6 


« Including  9  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  97^.4. 

GOMFBSSSION  OF  SmALL  LeAD  BlOGKS. 

Chaige,  100  grams. 


Height. 

Date  (1013). 

Before 
explosion. 

After 
explosion. 

(Compression. 

Sent.  33 

MWimaera. 
63.25 
63.25 
63.25 

Mmimeun. 
50.75 
51.25 
51.25 

umimeten. 
13.50 

^^Do.v::::::::::::::::::::::::::. ::.:::::::::. :..:::::::::: 

12.00 

Sept.  24 

13.00 

Average  compression,  12.2  miUimeters  (0.48  inch). 

Expansion  of  Bobb  Hole  of  Tbauzl  Lead  Blocks. 
Charge,  10  grains. 


Date  (1013). 


Got  17. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cvbieeenti- 
metert. 
63 
62 
62 


After 
shot. 


Cubic  centi- 

mdert. 

201 

301 

294 


E 


xpanalon 
oibore 


hole. 


Tempera- 
ture of 
block. 


CtMeceTtU- 

220 
220 
232 


C. 


15 
15 
15 


Average  expansion  of  bore  hole,  230  cubic  centimeters  (14.03  cubic  inches). 

XONOBBL  NO.  2. 

Explosive,  Monobel  No.  2. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manu&ctured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  236  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


214 


TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  detennined  by  the  baUistic  pendulum: 

Date^  February  7, 1910. 

Unit  swing  on  this  date,  2.99  inches. 

Weight  of  charge,  in  grams,  240,    240,    240. 

Swing,  in  inches,  2.95,    3.04,    3.02. 

Average  swing,  in  inches,  3.00. 

3.00  :  2.99  ::  240  :  (239). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  2  is  239  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

We^t 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

We^t 
charge. 

Methane 
and 

ethane. 

Result. 

Test  1. 
Feb.  10 

OramM. 
230 
239 
239 
239 
239 
239 
239 
239 
239 
239 

239 
239 
239 

Percent. 
8.26 
7.97 
7.92 
7.97 
8.10 
7.97 
7.87 
8.06 
7.87 
8.16 

Noisnition. 

DO. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Iflxition. 
Do. 
Do. 

1 

Test  3— Con. 

Feb.  16 

Do 

Do 

Do 

Feb.  16 

Do 

Do 

Test  4. 

Feb.  18 

Do 

Do 

Do 

Do 

239 
239 
239 
239 
219 
239 
239 

0680 
•680 
•680 
•680 
•  680 

Percent. 

NoJ^tkm. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Feb.  U 

Do 

Test  3. 

Feb.  15 

3.88 
4.02 
3.92 
4.02 
3.87 

Noignltkm. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

•  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Feb.  7. 

Feb.  8. 

Do 


Distance 

between 

spark  potaitB. 


Peripheral 

speed  of  drum 

per  second. 


MUttmetert. 
14.34 
14.30 
14.23 


Mdere. 
43. 0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meter: 
2.909 
8,007 
8,022 


Average  rate  of  detonation,  3,009  meters  (9,870  feet)  per  second. 

Flame  Tsst. 

Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photoj^raph. 

Height  of 
fliune. 

Dnratlon 
dktanoa. 

Dmstlonor 
flame. 

Jan.  29 

MmnuUrt. 
6.00 
7.76 
&60 

Inehe$. 
7.68 
9.79 
10.74 

MWimetere. 
1.60 
2.00 
2.00 

Mim»teimd9. 
0.075 

Do 

.100 

Do 

.100 

Average  height  of  flame,  9.37  inches. 
Average  duration  of  flame,  0.092  millisecond. 


BESULTS  OF  TESTS. 
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Date,  March  2, 1910. 


Impact  Tb«t. 


Distance  of 
ftUl. 

Number  of 
trials. 

Resolt. 

Distance  of 

Number  of 
tziab. 

Result. 

(katimeten. 
30 
34 
36 
34 
33 
33 
22 
33 

Explosion. 
No  exploskm. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

CetUimetert. 
31 
30 
30 
19 
18 
17 
17 
16 

Explosion. 
No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  mftTimiim  height  at  which  no  explosion  occurs  established  at  16  centimeters 

(6.30  inches). 

Explosion-bt-Influsncb  TB8T. 

Weight  of  each  cartridge » 162  grams. 


Date  (1912). 

Distance 
separating 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dee.  13 

Do 

Do 

Do 

Jneka. 

6 

10 

8 

9 

Exploded. 
Did  not  explode. 
Exploded. 
Do. 

Dec.  13 

Do 

Do 

Do 

InekcM. 

10 
11 
11 
11 

Exploded. 

Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  11  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  Bichbl  Pressure  Gaoe. 

Indicator  spring,  0;32  inillimeter=l  kilogram  per  square  centimeter. 


Date  (1910). 


Oet29. 

Do. 
Oct  31. 
Not.  35. 

Do. 
Nov.  38. 

Do. 

Do. 

Do. 


Ctaarge.a 

Specific 
gravity. 

« 

Oramt. 

6  318 

0.98 

318 

.08 

318 

.08 

318 

.08 

318 

.96 

318 

.96 

218 

.96 

318 

.96 

218 

.08 

Height  of 
curve. 


muifntten. 
87.00 
20.60 
39.75 
28.50 
28.50 
28.00 
37.35 
26.36 
27.50 


Pressure 
per  square 
centimeter. 


KiioifrafM. 
93.75 
92.19 
92.97 
89.06 
89.06 
87.50 
85.16 
82.08 
85.94 


Average 

pressure 

per  square 

centimeter. 


IRlogravM. 


92.97 
88.54 

cJ4.  oo 


a  Including  18  grams  of  the  original  wrapper. 

» Indicator  spring,  0.4  milUmeter»l  kilo^iam  per  square  centimeter. 

P=1.911A+0.5B-1.411C=102.88  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.98.        W=218  grams. 

VPS 

M=— -.  =6,937  kilograms  per  square  centimeter  (98,670  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  op  thb  Ezplosivs  and  19  Grams  of 

THB  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 


Date,  July  8, 1910. 
SoUd 


Qrams. 

20.4 

Liquid  (water) 67. 5 

Graseous. 128.5 


216  TESTS  OF  PEBMISSIBLE  EXPL0SIVE8. 

Large  Galobies  Developed  by  1  Kilogram  of  the  Explostv-s. 
Chaige,  109.0  grams.a 


Date  (1910). 

Weight 
of  water. 

Rise  in 

temperar 

ture. 

Heat  devel- 
oped per 
Idjognm. 

Nov.  16 

AUOOTUflU. 

79.85 
79.85 
79.85 

•  0.968 
.945 
.950 

Oilorirt. 
808.9 

Nov.  17 

784.5 

Nov.  18. 

788.7 

a  IxKdading  9  gxams  of  the  originai  wrapper. 
Average  laige  calories  per  kUogram  of  explosive,  792.4 

Compression  of  Small  Lead  Blocks. 
Ghaige,  100  grams. 


Date  (1910). 

Height. 

Beforo 

explosion. 

After 
explosion. 

Gompnssion. 

Mar.  !,'> 

MUUnuiert. 
63.25 
63.25 
68.25 

MUanutera. 
49.00 
49.50 
49.00 

MUUmeters. 
14.25 

Do 

13.75 

Do 

14.25 

Average  compression,  14.1  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Vohime  of  bore  hole. 

Expansian 

oibore 

hole. 

Tempera- 

Date  (1910). 

Before 
shot 

After 
shot. 

tore  of 
block. 

Nov.  11 

CtMeeenti- 
meUrs. 
63 
63 
63 

CtMeeenti- 
meUrt. 
816 
817 
326 

CubkeenU- 

VUl€T9m 

2S3 
254 

263 

•a 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  257  cubic  centimeters  (15.68  cnbic  inches). 

XONOBBL  NO.  8. 

Explosive,  Monobel  No.  3. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  £.  I.  du  Pont  de  Nemours  Powder  Go. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  221  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  hard,  slightly  cohesive. 


BB8ULTS  OF  TESTS. 
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Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  February  14, 1910. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  chaige,  in  grams,  250,    250,    250. 

Swing,  in  inches,  3.50,    3.41,    3.49. 

Average  swing,  in  inches,  3.47. 

3.47  :  3.37 : :  250  :  (243). 
Therefore  the  unit  deflective  chaige  of  Monobel  No.  3  is  243  grams. 

Gas  and  Dust  Gallery  No.  1. 


Data  (1910). 

Weleht 
chfurge. 

Methane 

and 
ethane. 

Result 

Date  (1010). 

Weieht 
chainKe. 

Methane 

and 
ethane. 

Result 

TestI. 
Feb.  14 

Qravu. 
243 
243 
243 
243 
243 
243 
243 
243 
243 
243 

213 
243 
243 

Percent. 
8.06 
8.13 
&13 
8.13 
8.06 
7.77 
8.13 
7.06 
8.13 
8.13 

No  iicnition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  iimitlon. 
Do. 
Do. 

Test  3— Ck)n. 

Feb.  17 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.3 

Mar.  7 

Do 

Do 

Do 

Oram9. 
243 
243 
243 
243 
243 
243 
243 

aeso 

aOSO 
a680 
0680 
0680 

Percent. 

No  ignition. 
Do. 

Do 

Feb.  15 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

I>0 

Tsar  3. 

Feb.  17 

3.87 
3.02 
3.07 
3.87 
3.87 

Noiitnition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
£lectric  detonator,  No.  7. 


Date  (1910). 


7. 
.8. 
Do 


Distance 

between 

spark  points. 


MUUmetert. 
19.58 
19.37 
19.36 


Peripheral 

speed  of  drum 

per  second. 


Metert. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meter$, 
2,196 
2,220 
2,221 


Average  rate  of  detonation,  2,212  meters  (7,260  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  fikn,  20  meters  per  second. 


Date  (1913). 


Jan.  29 
Do 
Do 


Height  of 
photograph. 


MUUmetert. 
6.76 
8.76 
7.75 


Height  of 
flame. 


Inches. 
8.63 
11.05 
9.79 


Duration 
distance. 


MWinuUn. 
1.75 
2.50 
2.25 


Duration  of 
flame. 


MUOtecondM. 
0.068 
.126 
.112 


Average  height  of  flame,  9.79  inches. 
Avenge  duration  of  flame,  0.108  millisecond. 
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TESTS  OF  PEBMISSIBLB  EXPLOSIVES. 


Date,  March  2,  1910. 


Impact  Tsbt. 


Distance  of 

Number  of 
trials. 

Result. 

Distance  of 
foil. 

Number  of 
trials. 

Result 

OenUmetert. 
20 
20 
19 
19 

1 
1 
1 
1 

No  explotkni. 
Explosion. 
No  explosion. 
Explosion. 

Centimeters. 
18 
18 
17 
16 

3 

1 
1 
5 

NoezplosloQ. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  is  established  at  16  centimeten 

(6.30  inches). 

Explosion-by-Inplubncb  Tbst. 

Weight  of  each  cartridge,  150  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Inches. 

5 
5 
5 

Result,  upper 
cartndge. 

Nov.  29 

Do 

Do 

Do 

Inches. 

4 
3 
4 
4 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Exploded. 

Nov.  30 

Do 

Do 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  wliich  no  explosion  occurs  established  at  5  inchee. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  Bichbl  Pressure  Gage. 

Indicator  spring,  0.4  millimeteresi  kilogram  per  square  centimeter. 


1 

Date  (1910). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
oentimetar. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Oct.  19 

Oranu. 
220 
220 
220 
220 
220 
220 
220 
220 
220 

0.93 
.98 
.93 
.93 
.93 
.93 
.93 
.93 
.93 

Millimeters. 
37.00 
30.60 
30.00 
34.00 
34.fi0 
34.fi0 
32.50 
31.50 
31.76 

Kilograms. 
92.50 
9L25 
90.00 
85.00 
86.25 
86.25 
81.25 
78.75 
79.37 

A 
A 

A 
B 

i    1 

C        ' 
C 

"    1 

iniograms. 

Oct.  20 

9L25 

Do 

Oct.  21 

Do 

8&63 

Do 

Oct.  20 

Do 

79.79 

Do 

a  Including  20  grams  of  the  original  wrapper. 

P=1.911A4-0.5B  — 1.411C=104.71  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.93.        W=220  grams. 

VPS 
M=-^  =6,640  kilograms  per  square  centimeter  (94,450  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  20  Grams  of 

THE  Original  Wrapper. 


Date,  July  11,  1910. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Grams. 
23.0 

Liquid  (water) 67. 0 

Gaseous 130.  d 


k 


BBSULTS  OF  TESTS. 
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Laboe  Calories  Developed  by  1  Kiloobam  op  the  Explosive. 
Ohaige,  110.0  grams. a 


Dato  (1010). 


Nov.  18. 

Do. 

Nov.  19. 


Weight 
of  water. 

Rise  in 
tempera- 
ture. 

KilooratM, 
80.06 
80.06 
80.05 

6.919 
.911 
.915 

Heat  devel- 
oped per 
kilogram. 


Calories, 
757.4 
750.8 
754.1 


a  Including  10  grams  of  the  original  wrapi^r. 
Average  large  calories  per  kilogram  of  explosive,  754.1. 

COMPBEBSION   OP  SmALL  LeAD  BlOCKS. 

Charge,  100  grams. 


Dato  (1910). 

Height. 

. 

Before 
explosion. 

After 
explosion. 

Gompresskm. 

Mar,  15 

MUUmeters. 
63.25 
63.25 
63.25 

AfUUmeUrs. 
53.25 
53.25 
54.00 

WUhauUn. 
10.00 

Do 

10.00 

Do 

9.26 

Average  compression,  9.8  millimeters  (0.39  inch). 

Expansion  op  Bobe  Hole  op  Tbauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

01  bore 

hole. 

• 

Tempera- 

Dato (1910). 

Before 
shot 

After 
shot. 

ture  of 
block. 

Nov.  11 

Cubkeentir 

meters. 

63 

63 

63 

CiMceentir 

meters. 

310 

310 

319 

CiMeeetUi- 

meters. 

247 

247 

266 

15 

Do 

16 

Do 

15 

Average  expansion  of  bore  hole,  250  cubic  centimeters  (15.25  cubic  inches). 

MOKOBEL  KO.  4. 

Explosive,  Monobel  No.  4. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  }  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  95  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive. 

91853**— Bull.  66—13 15 
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TESTS  OP  PEBMISSfBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendtthun: 

Date,  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  250,    250,    250. 

Swing,  in  inches,  3.05,    3.13,    3.02. 

Average  swing,  in  inches,  3.07. 

3.07  :3.05  : :  250  :  (248). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  4  is  248  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 
chwge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weisht 
chiurge. 

Methane 

and 
ethane. 

Bawlt. 

Test  1. 

Jan.  26 

Do 

Orams. 
248 
248 
248 
248 
248 
248 
248 
248 
248 
248 

248 
248 
248 

Per  cent. 
8.02 
8.20 
8.10 
8.03 
8.04 
7.M 
7.94 
7.96 
7.89 
8.02 

No  imltion. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Imition. 
Do! 

Test  3— Con. 

Feb.  3 

Do 

Do 

Do 

Feb.  4 

Do 

Do 

Test  4. 

Jan.  31 

Do 

Feb.  1 

Do 

Do 

(Tranw. 
248 
248 
248 
248 
248 
248 
248 

a680 
aA80 
0680 
a680 
a680 

Per  eenl. 

No  toiiHup, 
Do. 

Do 

Do. 

Do    .  . 

Do. 

Do 

Do. 

Jan  27 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  3 

3.98 
3.03 
4.07 
4.02 
4.12 

NoifmltiQii. 

Dol 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 


Jan.  31 
Do 
Do 


Distance 

between 

spark  points. 


MUUmetere, 
16.37 
16.50 
16.43 


Peripheral 

speed  of  drum 

per  second. 


Meteri. 
45.0 
45.0 
45.0 


Rate  of 
detona^on 
persecQCid. 


ileters. 

2,749 
2,727 
2,7S9 


Average  rate  of  detonation,  2,738  meters  (8,980  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 


Aug.  14 

Sept.  28 

Do. 


Height  of 
photo^ph. 


Millimeters 

10.00 

8.75 

9.50 


Height  of 
flune. 


Inehet. 
12.63 
11.05 
11.93 


Doiatkm 

distance. 


MUUmeten. 
2.60 
3.00 
2.50 


Diiratlaiiof 
flame. 


MfOUeeimd9 
ai2S 
.150 
.125 


Average  height  of  flame,  11.87  inches. 
Average  duration  of  flame,  0.133  millisecond. 


BBSULTS  OF  TBST& 
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IliFAGT  TXST. 


Date,  July  26,  1911. 


Distance  of 
ftOL 

Number  of 
triala. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

OtnHmeten, 
20 
18 

1 
1 

Explosion. 
Do. 

CenHmeters. 
13 
12 

1 
6 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occuib  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  184  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

^Tto 

Sept.  25 

Ififiheg, 
3 
6 
4 

Exploded. 
Did  not  explode. 
Do. 

Sept.  27 

Do 

Indut. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Tkboretigal  Maxiiium  Pressure  Developed  in  Own  Volume,  as  Detexmined 

BY  BiGHEL  Pressure  Gaob. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Data  (1911). 


July  26.. 

Do.. 

Do.. 
July  27.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 


Cbarge.a 


Cframt. 
»222 
222 
222 
222 
222 


222 
222 


Specific 
gravity. 


1.08 
1.08 
1.08 
1.06 
1.08 
1.08 
1.08 
1.08 
1.06 


Height  of 
curve. 


MiUitMUrt. 
36.00 
28.76 
28.25 
25.00 
26.60 
26.00 
22.25 
23.25 
22.76 


Pressure 
per  square 
centimeter. 


KUogmma. 
87.60 
89.85 
88.28 
78.12 
79.09 
81.25 
09.63 
72.66 
71.09 


Coolkig 
surfeoe. 


A 
A 
A 
B 
B 
B 
C 
C 
C 


Average 

pnssure 

per  square 

centimeter. 


Kilogmms, 
88.64 

79.69 

71.09 


a  Including  22  grams  of  the  original  wrapper. 

fr  Indicator  spring,  0.4  miUimeter«il  kilogram  per  square  oesitimeter. 

P=1.911A+0.5B-1.411C=108.74  kilogiaoM  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.08.        W=222  grams. 

VPS 
M=-==- =7,935  kilograms  per  square  centimeter  (112,870  pounds  per  square  inch). 

Products  op  Combustion  FBoif  200  Gbams  of  the  Explosive  and  22  Grams  op 

THE  Original  Wrapper. 


Date,  June  19, 1911. 
Solid 


[Analyst,  A.  L.  Hyde.) 


Grains. 

22.7 

Liquid  (water) ' 63. 6 

Gaseous 131.8 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  111.0  gramB.a 


Date  (1911). 


July  27. 

Do: 

July  28. 


Weight 
of  water. 

Rise  in 
tempera- 
ture. 

KUogniM. 
80.95 
80.95 
80.95 

^  C 
0.978 
.982 
.963 

Heat  devel- 
oped per 
kuogram. 


aOoria. 
807.2 
810.6 
811.4 


o  Including  11  grams  of  the  original  vmipper. 
Average  large  calories  per  kilogram  of  explosive,  809.7. 

Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

Compression. 

Aue.  31 

MUlimeten. 
63.50 
63.25 
63.50 

MUameters, 
49.25 
49.25 
49.75 

liUUmeten. 
14.25 

Do 

14.00 

Do 

13.75 

Average  compression,  14.0  millimeters  (0.55  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 


Apr.  7. 
Do 
Do 


Volume  of  bore  hole. 


Before 
shot. 


Cubic  ceiUU 
meters. 
63 
63 
63 


After 
shot. 


Cubic  centir 
meters. 
302 
300 
306 


E 


xpansioi 
or  bore 
hole. 


CuMceentf- 
metere, 
239 
237 
243 


Tempera- 
ture of 
block. 


15 
15 
15 


Average  expansion  of  bore  hole,  240  cubic  centimeters  (14.64  cubic  inches). 

MOKOBEL  NO.  6. 

Explosive,  Monobel  No.  5. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  113  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  com. 

Consistency,  granular,  fine,  very  dry,  very  soft,  not  cohesive. 


BESULT8  OF  TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  265,    265,    265. 

Swing,  in  inches,  3.00,    3.08,    3.01. 

Average  swing,  in  inches,  3.03. 

3.03: 3.05::  265:  (267). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  5  is  267  grams. 

Gas  and  Dust  Gallebt  No.  1. 


Data  (1911). 

Weieht 
chfljrge. 

Methane 

and 
ethane. 

ReBOlt. 

Date  (1911). 

We^ht 
chiurge. 

Methane 

and 
ethane. 

Besult. 

TmtI. 
Tim^  ?7t  -  

Omnu. 
267 
287 
287 
287 
267 
287 
267 
287 
267 
267 

267" 

287 

267 

Percent. 
8.09 
8.14 
8.22 
8.09 
7.86 
7.91 
7.89 
8.05 
8.20 
8.11 

No  ienition. 

Do'. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  iiniltion. 
Do! 

TEST3-<Xm. 

Feb.4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  1 

Do 

Do 

Do 

Do 

OnruM. 
267 
287 
267 
287 
267 
267 
287 

«680 
0680 
a680 
0680 
0680 

Per  cent. 

No  ijmition. 

Bo 

Bo 

Do. 

Bo 

Do. 

Bo 

Do. 

Bo 

Do. 

Bo 

Do. 

Bo 

Bo 

Bo 

Tkot  3. 

Feb.  4 

4.11 
3.96 
4.01 
4.22 
3.99 

No  lenition. 

Do. 
Do. 

Bo 

Do. 

Bo 

0680  grams  or  more  was  used. 
Bate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Slectric  detonator,  No.  7. 


Date  (1913). 


Jan.  9. 
Jan.  16 
Jan.  17 


Distance 

between 

spark  points. 


MUUmetert. 
21.85 
21.75 
21.90 


Peripheral 

speed  of  drum 

per  second. 


MeUrt. 
45.0 
46.0 
45.0 


Rate  of 
detonation 
per  second. 


MeUn. 
2,060 
2,060 
2,065 


Average  rate  of  detonation,  2,061  meters  (6,760  feet)  per  second. 

Flame  Test. 


Peripheral  speed  of  film,  20  meteiB  per  second. 


Date  (1911). 


Sqpt.2S 
Do. 
Do. 


Height  of 
photograph. 


MilUmeter*, 

7.00 

10.00 

8.00 


Height  of 
flame. 


Inches. 

8.84 
12.63 
10.10 


Duration 
distance. 


MiUimeten. 
2.50 
3.50 
3.75 


Duration  of 
flame. 


MWiseconds. 
0.125 
.176 
.138 


Average  height  of  flame,  10.52  inches. 
Average  duration  of  flame,  0.146  millisecond. 


224 


TESTS  OF  PESMI66I6LE  EXPLOSIVES. 


Date,  July  26,  1911. 


Impact  Test. 


Distance  of 
foil. 

Number  of 
trlab. 

Result. 

Distance  of 
Ml. 

Number  of 
tdals. 

Result 

Centimeters. 
20 
19 
16 
12 

1 
1 
1 
1 

Explosion. 

Do! 
Do. 

OaUbneUrs. 
10 
11 

10 

1 
1 
4 

No  explosion. 
Explowm. 
No  explosion. 

.    The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Exflo8ion-by-Influencb  Test. 

Weight  of  each  cartridge,  175  grams. 


T" 


Date  (1011). 


Sept.  28. 
Do.. 
Do.. 


Distance 
separating 
cartridges. 


Inches. 


4 
8 
2 


Result,  upper 
cartridge. 


Did  not  explode. 

Do. 
Exploded. 


Date  (1911). 


Sept.  28. 
Do.. 


Distance 
separating 
cartridges. 


Indus. 


8] 
8 


Result,  upper 
cartiidge. 


Did  not  explode. 
Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Thborbtigal  MAxnniH  Prbsburb  Developed  in  Own  Volume,  as  Determined 

BT  Bi€HBL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter»l  kilogram  per  square  centimeter. 


Date  (1911). 


July  29. 

Do. 

Do. 
July  28. 

Do. 

Do. 
July  27. 

Do. 
July  28. 


Charge.^ 


Ormms. 
216 
215 
215 
215 
215 
215 
215 
216 
216 


Specifio 
gravity. 


1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 


Height  of 
curve. 


imUmeUrs. 
27.00 
28.25 
28.00 
26.00 
28.00 
25.25 
23.00 
22.75 
23.75 


per  square 
oentimeter. 


Cooling 

surface. 


Kilograms. 
84.38 
88.28 
87.50 
81.35 
81.25 
78.91 
71.88 
71.09 
74.22 


A 
A 

A 

B 
B 
B 
C 
C 
C 


Average 


per  square 
oentimeter. 


I 


IBlograms. 
86.72 

80.47 

72.40 


a  Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B -1.4110=103.80  kHogtams  per  square  centimeter. 
,  V=15,000  cubic  centimeters.        8=1.03.        W=215  grams. 

VPS 

M=  r||p-=7,459  Idlograms  per  square  centimeter  (106,100  pounds  per  square  inch). 

W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  June  20,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Orams. 

23.7 

Liquid  (water) 62. 6 

Gaseous 125. 5 


RESULTS  OF  TBSTS. 
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LaBOB  GaLOBIBS  DbVBLOPBD  by  1  KiLOOBAM  OF  THB  EXPLOSIVB. 

Ghaige,  107.5  grams.o 


Date  (1911). 


July  28. 
Do. 
Do. 


Weight 
of  water. 


Kilofframs, 
80.  «5 
80.95 
80.95 


Rise  in 

tempera* 

ture. 


0.973 
1.005 
1.000 


Heat  devel- 
oped per 
kik^rain. 


Oaiories. 
829.2 
856.7 
852.5 


a  Iziduding  7.5  grains  of  the  original  wrapper. 
Avenge  laige  calories  per  kilogram  of  explosive,  846.1. 


OOMPBESSION  OF  SmALL  LeAD  BlOCKS. 


Charge,  100  grams. 


Date  (1911). 


Aug.  31... 
Do.... 
Do 


Height 


Before 
explosion. 


MUlimaen. 
63.00 
63.50 
63.50 


After 
exjdosion. 


lIUHmeUn. 
51.00 
51.25 
51.25 


Compreislon. 


MiUimetert, 
12.00 
12. 2S 
12.25 


Average  compression,  12.2  millimeters  (0.48  inch). 

Expansion  of  Bobb  Hole  of  Tbauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 


Apr.  6. 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cubkeenti' 

ftutert, 

63 

63 

63 


After 
shot- 


CtMecenti- 

meten. 

210 

209 

210 


Expansion 

01  bore 

hole. 


CtMeeewH' 

maerM. 

147 

146 

147 


Temperap 
tore  of 
block. 


C. 


15 
15 
15 


Average  expansion  of  bore  hole,  147  cubic  centimeters  (8.97  cubic  inches). 

MONOBEL  NO.  6. 

Explosive,  Monobel  No.  6. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  J  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  96  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.12. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  13,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  220,    220,    220. 

Swing,  in  inches,  3.31,    3.45,    3.45. 

Average  swing,  in  inches,  3.40. 

3.40  :  3.37  :  :  220  :  (218). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  6  is  218  grams. 

Gas  and  Dust  Gallbbt  No.  1. 


Date  (1912). 

Welclit 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
chaige. 

Methane 

and 
ethane. 

Resolt. 

Test  1. 
Feb.  13 

Chramt. 
218 
218 
218 
218 
218 
218 
218 
218 
218 
218 

218 
218 
218 

Per  cent. 
8.12 
7.79 
8.27 
8.08 
8.33 
8.10 
8.21 
8,25 
?.12 
8.40 

No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Tests— Oon. 

Feb.  16 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  16 

Do 

Do 

Feb.  17 

Do 

Qtqjm. 
218 
218 
218 
.218 
218 
218 
218 

0680 
0680 
0680 
0680 
0680 

Per  cent. 

NoImltioD. 
Do. 

Do 

Do 

Do. 

Do    

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  16 

4.04 
4.11 
3.92 
4.07 
3.91 

Nolmition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

.......... 

a  680  grama  or  more  was  used. 

Bate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonaUon 
per  second. 

Feb.  14 

MUlimeteTt. 
14.20 
14.10 
14.35 

Meien. 
45.0 
45.0 
45.0 

Metert. 
3,109 
3,191 

Feb.  16 

Feb.  16 

3,136 

Average  rate  of  detonation,  3,165  meters  (10,380  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


]|£ayl5 
Do 
Do 


Height  of 
photcjsraph. 


MimmettTS. 

11.00 

9.25 

16.50 


Height  of 
flame. 


Inche*. 
13.89 
11.68 
20.84 


Duration 
distance. 


MilUmetrrs. 
2.25 
3.50 
6.00 


Duration  of 
flame. 


MiUisecondt. 
0.112 
.175 
.300 


Average  height  of  flame,  15.47  inches. 
Average  duration  of  flame,  0.196  millisecond. 


BESULTS  OF  TESTS. 


227 


IicpACT  Test. 


Date,  April  19, 1912. 


Distance  of 

Numbered 
trials. 

Result. 

DLstance  of 
lall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
25 
23 
24 
24 

No  explosion. 
Explosion. 
No  explosion. 

Do. 
Explosion. 

Centifneters. 
23 
22 
22 
21 

1 
3 

1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  mayimiim  height  at  which  no  explosion  occurs  established  at  21  centimeters 
(8.27  inches). 

Explosion-bt-Influekce  Test. 

Weight  of  each  cartridge,  180  grams. 


Dftte  (1012). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

ICayS 

Do 

Do 

Inches. 

7 
8 
5 

Did  not  explode. 

Exploded. 

Did  not  explode. 

May3 

May  4 

Do 

Inches. 

4 
5 
5 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

ThEOBETIGAL  MAZIMUlf  PBESStJRE   DEVELOPED  IN   OWN   VoLUME,  AS  DETERMINED 

BY  BicHEL  Pressure  Gaob. 
Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.^ 

Speciflc 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surfece. 

Average 

prwisure 

per  square 

centimeter. 

Apr.  26 

Orams. 
221 
221 
221 
221 
221 
221 
221 
221 
221 

1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 

Millimeters. 
33.00 
34.50 
33.00 
30.75 
29.50 
30.25 
29.25 
29.50 
30.25 

KiloQrams. 

103.12 

107.81 

103.12 

96.09 

92.19 

94.53 

'    91.41 

92.19 

04.53 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

104.68 

Do 

Iffftys 

^■■■j" * •"" 

Do 

94.27 

Do 

Do 

Mf^T  4    

92.71 

to. v. ... .... . . ... ... . . ........ :. 

a  Including  21  grams  of  the  original  wrapper. 

Pb1.911A+0.5B— 1.4110=116.36  kilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.         8=1.12.         W=221  grams. 

VPS 
M=-«^=8,845  kilograms  per  square  centimeter  (125,800  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

THE  Original  Wrapper. 


Date,  liarch  5,  1912. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Orams. 

11.2 

Liquid  (water) 65.0 

CiaseouB 137.3 
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TESTS  OF  PEBMISSIBLB  BXPLOSIVES. 


Lajroe  Calories  Developed  by  1  KuiOOram  op  the  Ezflosiye. 
Charge,  110.5  gnaxiB,^ 


Date  (1012). 

Weight 
of  water. 

Rise  in 

tempera- 

ttm. 

HeatdeveH- 
uogreiB. 

Mar.  12 

,  81.05 
81.95 
81.05 

1.306 
1.326 
1.300 

Caimie*. 
l.OOO.O 

Mar.  13 

1,114.2 

Mar.  22 

1,002L2 

a  Including  10.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  exploeive,  1,101.8. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

• 

Before 
explosion. 

• 

After 
explosion. 

CompveMiao. 

Apr.  17 

MiUtmeierM. 
63.60 
63.25 
63.60 

MOlimeten, 
48.00 
48.00 
48.60 

15.50 

^Do...: 

15.25 

Do 

16.00 

Average  compression,  15.2  millimeterB  (0.60  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1012). 


Apr.  25. 

Do. 

Apr.  26. 


Volume  of  bore  hole. 


Before 
shot. 


CubkenUi- 

meUri. 

62 

62 

62 


After 
shot. 


Cubic  eefUi- 
mtUn. 
342 
340 
340 


Expansion 

of  bore 

hole. 


CubkeetUi- 
meten. 
280 

278 
278 


Tempera- 
tore  of 
blook. 


•C. 


19 

19 
18 


Average  expansion  of  bore  hole,  279  cubic  centimeters  (17.02  cubic  inches). 

MONOBEL  NO.  7. 

Explosive,  Monobel  No.  7. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  }  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  93  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BBSULT8  OF  TESTS. 
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Unit  deflective  change  as  determined  by  the  ballistic  pendulum: 

Date,  February  13, 1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  chaige,  in  grams,  220,    220,    220. 

Swing,  in  inches,  3.57,    3.46,    3.53. 

Average  swing,  in  inches,  3.52. 

3.52  : 3.37  : :  220  :  (211). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  7  is  211  grams. 

Gas  and  Dust  GAUiBRY  No.  1. 


Date  (1012). 

Weleht 
ciiftTge. 

MettaaOB 

and 
ethane. 

Result. 

Date  (1912). 

Weleht 
charge. 

Methnae 

and 
ethane. 

Result. 

TE8T1. 

Feb.  14 

Cframs. 
211 
211 
211 
211 
211 
211 
211 
211 
211 
211 

211 
211 
211 

Percent. 
8.27 
8.32 
8.30 
8.47 
8.25 
8.27 
8.54 
8.28 
8.08 
8.25 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do. 
Do. 

Test  3— Con. 

Feb.  15 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  17 

Do. 

Do 

Do 

Do 

Oranu. 
211 
211 
211 
211 
211 
211 
211 

aeso 

•  680 
O680 
0680 
O680 

xXTCBIW. 

NolsaMon. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do. . . .     . 

Do. 

Do 

Feb.  15 

Do 

Tests. 

Feb.  15 

4.08 
4.15 
4.03 
4.08 
4.25 

No  ignitiaa. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

0680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1012). 


Feb.  14 

Feb.  16 

Do. 


Distance 

between 

spark  points. 


MUOmeten. 
14.85 
14.60 
14.60 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
45.0 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


MeUn. 

3,030 
3,082 
8,082 


Average  rate  of  detonation,  3,065  meters  (10,050  feet)  per  second. 

Flahb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photo^ph. 

Height  of 
flame. 

Duration 
distance. 

Dnration  of 
flame. 

May  11 

Mimmettri. 
11.75 
11.75 
13.00 

hidhet. 
14.84 
14.84 
16.42 

MUlimeten. 
6.00 
5.50 
5.50 

MUUteecmit. 
O.30O 

^Do : :...:.::: :. 

.275 

Do 

.275 

Average  height  of  flame,  15.37  inches. 
Average  duration  of  flame,  0.283  millisecond. 
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TESTS  OP  PERMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  April  20,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

OmHrnetert. 

ao 

25 
36 
32 
33 

No  explosion. 

Do. 
Explosion. 
No  explosion. 
Explosion. 

CenUmeUn. 
32 
81 
31 
30 

1 
1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  30  centimeters 
(11.81  inches). 

Explosion-by-Influencb  Test. 
Weight  of  each  cartridge,  175  grams. 


Date  (1912). 

Distance 
separating 
partridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  4 

Do 

Do 

Inches. 

4 
6 
5 

Exploded. 
Did  not  explode. 
Do. 

May  4 

May  6 

Do 

Inches. 

fi 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 


Apr.  26. 

Do. 

Do. 
May  6.. 

Do. 

Do. 
May?.. 

Do. 

Do. 


Chargca 

Speclflo 
gravity. 

Orams. 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

Height  of 
curve. 


Aauimeters. 
33.00 
32.76 
33.00 
30.50 
30.25 
29.50 
30.50 
31.00 
30.25 


Pressure  . 
per  square 
centimeter. 


KUograms. 

108.12 

102.34 

103.12 

95.31 

94.53 

92.19 

95.31 

96.88 

94.63 


Cooling 
surface. 


A 
A 
A 
B 
B 
B 
B 
B 
B 


Average 

pressure 

pier  square 

centimeter. 


102.86 
94.01 
05.ffr 


a  Including  20  grams  of  the  original  wrapper. 

P=1.911A-}-0.5B  — 1.4110=108.72  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.09.        W=220  grams. 

VPS 
M=-«^  =8,080  kilograms  per  square  centimeter  (114,920  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  20  Grams  of 

THE  Original  Wrapper. 


Date,  March  6,  1912. 
SoUd 


(Analyst,  A.  L.  Hyde.] 


Qrains. 

10.0 

Liquid  (water) 69. 5 

Gaseous 134. 4 


BE8ULTS  OF  TESTS. 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  110.0  grams.^' 


Date  (1913). 


Mar.  20. 

Feb.  24. 

Do. 


Weight 
of  water. 


KUogravu. 
81.95 
81.95 
81.95 


Rise  In 
tempera- 
ture. 


"C. 
1.238 
1.234 
1.263 


Heat  devel- 
oped per 
kilogram. 


Calories. 
1,044.5 
1,041.1 
1,065.7 


a  iBcladlng  10  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  1,050.4. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr.  17 

MiUimeten. 
63.25 
63.25 
63.25 

MiUimeters. 
47.75 
47.75 
48.00 

MiUimeterM. 
15.60 

Do 

15.50 

Do 

15.26 

Average  compression,  15.4  millimeters  (0.61  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks 
Charge,  10  grams. 


Date  (1912). 


Apr.  25. 

Do. 

Apr.  29. 


Volume  of  bore  hole. 


Before 
shot 


After 
shot. 


Cttbic  centi- 
meters. 
02 
62 
62 


Cvbiecentin 
meters, 
340 
334 
344 


Expansion 

of  bore 

hole. 


Cubic  centir 
meters. 
278 
272 
282 


Tempera- 
ture of 
block. 


Average  expansion  of  bore  hole,  277  cubic  centimeters  (16.90  cubic  inches). 

NITBO  LOW-FLAMB  NO.  1. 

Explosive,  Nitro  low-flame  No.  1. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Nitro  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  218  grams. 

Cartridge  had  not  been  redippcd. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.22. 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


C. 


19 
10 
16 
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TESTS  OF  PEBMISSIBLB  EXPLOSIVES. 


Unit  deflective  change  as  determined  by  the  ballistic  pendulum: 

Date,  September  15, 1910. 

Unit  swing  on  this  date,  3.32  inches. 

Weight  of  charge,  in  grams,  300,    300,    300, 

Swing,  in  inches,  3.34,    3.34,    3.20. 

Average  swing,  in  inches,  3.29. 

3.29  :  3.32  : :  300  :  (303). 
Therefore  the  unit  deflective  chaige  of  Nitro  low-flame  No.  1  is  303  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1010). 

Wefffht 
chuge. 

Hethano 

and 
ethane. 

Result 

Date  (1910). 

Weleht 
chuge. 

Methane 

and 
ethane. 

Result. 

TX8T  1. 

Sept.  19 

Do 

Oravu. 
a08 

303 
303 
303 
303 
303 
308 
303 
303 

303 
303 
303 

Percent. 
8.22 
8.16 
8.20 
8.16 
8.30 
8.30 
8.07 
8.24 
8.26 
7.02 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do. 
Do. 

Test  3— Con. 

Sept.  20 

Do 

Do 

Do 

Do 

Do 

Do 

Tbst  4. 

Sept.  16 

Do 

Do 

Do 

Do 

Oranu. 
303 
303 
303 
303 
303 
303 
303 

a680 
a680 
a680 
0680 
a680 

Per  cent. 

No  UaxHiotL 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tisr  8. 

Sept.  20 

Do 

4.18 
4.22 
4.22 
4.13 
4.18 

Nolmltioa. 

Do! 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Sept.  16 
Do. 
Do. 


Distance 

between 

spark  points. 


MUlifMlere. 
10.70 
10.80 
10.50 


Peripheral 

speed  of  drum 

per  second. 


Metert. 
43.5 
43.5 
43.5 


Rate  of 
detonation 
per  second^ 


Jleten. 
4,065 
4,028 
4,143 


Average  rate  of  detonation,  4,079  meters  (13,380  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Sept.  23 

Do. 

Sept.  30 


Height  of 
photograph. 


MUUmeters. 
12.50 
14.75 
11.25 


Height  of 
flune. 


Indus. 

15.79 
18.63 
14.21 


Duration 
distance. 


Mimmttm 
5.50 
5.50 
4.75 


Duration  of 
flama. 


JUmteeondt. 
0.276 
.276 
.238 


Average  height  of  flame,  16.21  inches. 
Average  duration  of  flame,  0.263  millisecond. 


KESULTS  OC  TESTS. 
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Impact  Test. 


Date,  February  18, 1911. 


Distance  of 
ftB. 

Number  of 
trials. 

Result. 

Distance  of 

Number  of 
trials. 

Result. 

36 
30 
34 
23 
23 
23 
23 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 

Cendmetert, 
20 
16 
14 
14 
13 
13 
12 

1 
1 
2 
1 
2 
1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Ezplosion-by-Influence  Test. 

Weight  of  each  cartridge,  196  grams. 


Date  (1911). 

sepanting 
oartrid^BB. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Resolt,  upper 
cartridge. 

Fi*.17 

Do. 

Do 

Jacftsf. 

8 

4 
6 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Feb.  18 

Do 

Do 

6 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Majcucum  Pbessubs  Developed  in  Own  Volume,  as  Determined 

BT  BicHEL  Pressure  Gaoe. 

Indicator  spring,  0.4  millimeter— 1  kilogram  per  square  centimeter. 


Date  (1911). 


r.S. 
llsr.7. 
llsr.13. 
llsr.2. 

Do. 

Do. 

r.8.. 

Do. 

Do. 


Charge.a 


Orami. 
ai4w8 
214.8 
214.8 
214.8 
214.8 
214.8 
314.8 
214.8 
214.8 


Speoifk) 
gravity. 


1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 


Height  of 
ourve. 


MiUimeUrs. 
26.00 
24.25 
25.26 
25.00 
24.75 
25.00 
21.60 
22.00 
22.00 


Pressure 
per  square 
oentlmeter. 


KiloffntM. 
62.50 
60.02 
63.12 
62.50 
61.88 
62.50 
53.75 
55.00 
55.00 


Cooling 
surfsoe. 


A 
A 
A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


Kilograma. 
62.06 

62.20 

54.58 


a  Including  14.8  grams  of  the  original  wrapper. 

/    P=1.911A+0.5B— 1.411C=72.77  kilograms  per  square  centimeter. 
.     V=16,000  cubic  centimeters.        8=1.22.        W=214.8  grams. 

VPS 

M= -==-ss6,200  kilograms  per  square  centimeter  (88,190  pounds  per  square  inch). 

Products  of  Ck>HBU8TioN'FROM  200  Grams  of  the  Explosive  and  14.8  Grams  of 

the  Original  Wrapper. 


Date,  February  20, 1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

60.5 

Liquid  (water) 11. 6 

Gaseous 134.3 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Large  Calories  Developed  by  1  Kilogram  op  the  Ezplobivb. 
Charge,  107.4  grams.o 


Date  (1911). 


Feb.  28. 
Do. 
Do. 


Weight 
of  water. 


KUognnu. 
SO.  96 

80.05 
80.05 


Rise  in 
tempera- 
tore. 


'C 

0.008 
.714 
.704 


Heat  devel- 
oped per 
kilogram. 


OaMes. 
683.2 
606.0 
SBv.  o 


a  Including  7.4  grama  of  the  original  vrrapper. 
Average  large  caloriee  per  kilogram  of  explosive,  599.5. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

Compressian. 

Mar.  10 

MittimeUrs. 
63.50 
63.50 
63.50 

MUttmeten. 
45.26 
45.50 
45.25 

JIUUmetert. 
IB.  26 

Do 

18.00 

Do 

18.25 

Average  compression,  18.2  millimeters  (0.72  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams, 


Date  (1911). 


Feb.  27. 
Do- 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


meters. 
63 
63 
63 


After 
shot. 


CuMecenii- 

meten. 

216 

212 

210 


ExMnsion 

of  ban 

hole. 


CuUeeenli' 

162 
140 
166 


tare  of 
blodc. 


•C. 


16 
16 
U 


Average  expansion  of  bore  hole,  152  cubic  centimeters  (9.27  cubic  inches). 

NTTBO  LOW-FLAME  NO.  2. 

Explosive,  Nitro  low-flame  No.  2. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Nitro  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  244  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.31. 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


BESULT8  OF  TESTS. 
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Unit  deflective  cbarge  as  detennined  by  the  ballistic  pendulum: 

Date,  September  15, 1910. 

Unit  swing  on  this  date,  3.32  inches. 

Weight  of  charge,  in  grams,  285,    285,    285. 

Swing,  in  inches,  3.10,    3.16,    3.25. 

Average  swing,  in  inches,  3.17. 

3.17  : 3.32  ::  285  :  (298). 
Therefore  the  unit  deflective  charge  of  Nitro  low-flame  No.  2  is  298  grams. 

Gas  and  Dust  Gallbrt  No.  1. 


Date  (1910). 

Wei£ht 
cbaigd. 

Methane 

and 
ethane. 

Result 

Date  (1910). 

Welffht 
charge. 

Methane 

and 
ethane. 

Result. 

TXSTl. 

Sept.  19 

Do 

Oranu. 
208 
298 
296 
298 
298 
298 
296 
298 
296 
298 

298 
298 
298 

Per  cent. 
8.07 
8.31 
7.94 
8.26 
7.97 
8.07 
8.07 
8.06 
8.07 
8.07 

No  iniltion. 
DO. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Txst3— Con. 

Sept.  21 

Do 

Do 

Do 

Do 

Do 

Do 

TBn4. 

Sept.  17 

Do 

Do 

Do 

Oct.  12 

Orame. 
298 
298 
298 
298 
298 
298 
298 

0680 
0680 
0680 
O680 
0680 

Percent. 

No  tesftioii. 
Do. 

Do    .  ... 

Do. 

Do.  .  .  . 

Do. 

Do 

Do. 

Do 

Do 

Do. 
Do. 

Do 

Do 

Sept.  20 

Ten  3. 

Sept.  20 

Do....... 

Sept.  21 

4.18 
4.47 
4.32 
4.27 
3.94 

Noinitthio. 

Do! 
Do. 

•  **■••  «4to  m  « 

Do. 

o  680  grams  or  more  was  used. 

Rats  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Sept.  16 

Sept.  19 

Do. 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


MilUmetere. 

9.67 

10.00 

9.84 


Melert, 
43.6 
43.6 
43.6 


Rate  of 
detonation 
per  second. 


MeUT9, 
4,646 
4,360 
4,421 


Average  rate  of  detonation,  4,439  meters  (14,560  feet)  per  second. 

Flamb  TB8T. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Sept.  30 
Do. 
Do. 


Height  of 
photograph. 


Mmmetere 
17.76 
20.25 
22.75 


Height  of 
flune. 


Indies. 
22.42 
25.58 
28.74 


DuxBtion 
distance. 


Mimmeten. 
7.25 
10.50 
11.00 


Donation  of 
flame. 


Miaiaeemds. 
0.362 
.625 
.660 


Average  height  of  flame,  25.58  inches. 
Average  duration  of  flame,  0.479  millisecond. 

91853**— Bull.  66—13 16 
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TESTS  OF   PERMISSIBLE   EXPLOSIVES. 


Impact  Test. 


Date,  February  18, 1911. 


Distance  of 
falL 

Number  of 
trials. 

Result. 

Distance  of 

Number  of 
trials. 

Result. 

Oentimetere, 
16 
18 
20 
24 
22 

1 

No  explosion. 

Do. 

Do. 
Explosion. 

Do. 

Oentifneters. 
20 
18 
16 
15 
14 

1 
1 
1 
1 

5 

Explosion. 

Do. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimetera 
(5.51  inches). 

Exflobion-by-Influence  Test. 
Weight  of  each  cartridge,  211  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

i  Feb.  18 

Do 

Inchee. 

6 
5 

No  explosion. 
Explosion. 

Feb.  18 

Feb.  20 

Indue. 

6 
6 

No  explosion. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Detericined 

BT  BiCHEL  Pressure  Gaqe. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


liar.  14. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Cliarge.a 


Orame. 
212 
212 
212 
212 
212 
212 
212 
212 
212 


Specific 
gravity. 


1.31 
1.31 
1.31 
1.31 
1.31 
1.31 
1.31 
1.31 
1.31 


Height  of 
curve. 


MUUmetere. 
27.00 
27.00 
27.25 
25.50 
25.00 
25.75 
23.50 
24.25 
23.50 


Pressure 
per  square 
centimeter. 

Cooling 
surttee. 

Kilograma. 

67.50 

A 

67.50 

A 

68.12 

A 

63.75 

B 

62.50 

B 

64.38 

B 

58.75 

C 

60.62 

C 

58.76 

C 

Average 


per  square 
centimeter. 


Kilogram*. 
67.71 

63.54 

fiO.37 


a  Including  12  grams  of  the  original  wrapper. 

P=1.911A-|-0.5B— 1.4110=77.39  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.31.        W=212  grams. 

VPS 
M=~«r- =7,173  kilograms  per  square  centimeter  (102,030  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosiys  and  12  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  February  21,  1911. 
Solid 


Orams. 

64.3 

Liquid  (water) 14. 3 

Gaseous 124.7 


BB8TJLT8  OF  TESTS. 
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Large  CaiiOribs  Dbvblopbo  bt  1  Kilogram  of  thb  Explosivb. 
Chaige,  106. 0  gramB.<> 


Dateani). 


liar.  1. 
Do. 
Do. 


Weight 
of  water. 


80.06 
80.95 
80.05 


Rise  In 

tempenir 

ture. 


0*746 
.777 
.753 


Heat  devel- 
oped per 
kilogram. 


Caioriet. 
642.0 
660.0 
648.1 


o  Including  6  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explbeive,  653.6. 


Compression  op  Small  Lead  Blocks. 


Chaige,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

ComprsBrion. 

Mar.  10 

MUUmeters. 
63.50 
63.50 
63.50 

ummeten. 
45.25 
44.76 
44.50 

HOUmeUn. 
18.26 

Do 

18.75 

Do 

19.00 

Average  compression,  18.7  millimeters  (0.74  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Peb.27 

Ctthkcenti- 
meters. 
63 
63 
63 

CuMeeenti- 

vuters. 

232 

226 

230 

CtMeeenti- 

vuten. 

169 

163 

167 

16 

Do      

15 

Do 

16 

Average  expansion  of  bore  hole,  166  cubic  centimeters  (10.13  cubic  inches). 

TBOJAN  COAL  POWDBB  H. 

Explosive,  Trojan  coal  powder  H. 

Glaas  3,  organic  nitrate. 

Manufactured  by  the  Pennsylvania  Trojan  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8^  inches. 

Average  weight,  506  grams. 

Oartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.40. 

Color  of  explosive,  white. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  not  cohesive. 
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TESTS  OP  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballietic  pendulum: 

Date,  October  18,  1911. 

Unit  swing  on  this  date,  3.30  inches. 

Weight  of  charge,  in  grams,  400,    400,    400. 

Swing,  in  inches,  3.40,    3.33,    3.31. 

Average  swing,  in  inches,  3.35. 

3.35  : 3.30  :  :  400 :  (394). 
Therefore  the  unit  deflective  charge  of  Trojan  coal  powder  H  is  394  grams. 

Gas  and  Dust  Oallkry  No.  1. 


Date  (1911). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Wefafht 
ehfurge. 

Methane 

and 
ethane. 

Resalt. 

Test  1. 
Oct.  19 

Onme. 
394 
394 
394 
394 
394 
394 
M4 
894 
394 
394 

394 
394 
394 

Percent. 
8.35 
8.39 
8.40 
8.12 
7.83 
7.91 
7.90 
8.02 
8.35 
8.06 

No  ignition. 

Do*. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— C3on. 

Nov.  3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct.  24 

Do 

Do 

Do 

Do 

Oranu. 
394 
394 
394 
394 
394 
394 
394 

a680 
O680 
adSO 
O680 
O680 

Percent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Oct  20 

Do 

Oct.  21 

Test  3. 

Nov.  3 

4.17 
4.34 
4.17 
4.16 
3.90 

Noicmltion. 

Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 


Oct.  18 
Do 
Do 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Mmimettre. 
15.60 
15.25 
15.12 


Metert. 

44.0 
44.0 
44.0 


Rate  of 
detonation 
per  second. 


MHere. 
2,821 
3,885 
3,910 


Average  rate  of  detonation,  2,872  meters  (9,420  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duretkm 
distanoe 

Donation  of 

Uftr  7 

MUUmetere. 
19.50 
18.00 
15.75 

Inchee, 
24.63 
22.74 
19.89 

MUUmeten. 
10.35 
9.00 
8.00 

MUHeeoondM. 
0.513 

Do 

.450 

Do 

.400 

Average  height  of  flame,  22.42  inches. 
Average  duration  of  flame,  0.454  millisecond. 


EB8ULTS  OF  TESTS. 
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IiiFACT  Test. 


Date,  February  21, 1912. 


Distance  of 

fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Oendmetera. 
20 
10 
15 

18 
17 
16 

Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 

Do. 

Ctntimetert. 
15 
15 
14 
14 
13 
12 

2 

1 
2 

1 
1 
6 

No  explosion. 
Explosion. 
No  exploflion. 
Explosion. 
•     Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occure  established  at  12  centimetera 
(4.72  inches). 

£zplo8ion-by-Invluengb  Test. 

Weight  of  each  cartridge,  225  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mar.  18 

Do 

Do 

Inches. 

4 
2 
3 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Mar.  18 

Do 

Inehet. 

3 
3 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretigal  MAxnfUM  Pressure  DByBLOPBD  in  Own  Volitmb,  as  Determined 

BT  BicHBL  Pressure  Gaoe. 

Indicator  spring,  0.60  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 

Cbarge.a 

• 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
oentlmeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  29 

207.2 
207.2 
207.2 
207.2 
207.2 
207.2 
207.2 
207.2 
207.2 

QraiM. 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

AHUimelera. 
23.76 
24.00 
23.00 
22.76 
23.26 
22.26 
21.76 
22.00 
21.75 

39.58 
40.00 
38.33 
37.92 
38.76 
37.08 
30.25 
30.67 
36.26 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kllogranu. 

Do 

30.30 

Mar.  1 

Feb.  29 

Do 

37.92 

Do 

Do 

Do 

36.39 

Do 

a  Including  7.2  grams  of  the  original  wrapper. 

P=1.911A4-0.5B— 1.411C=42.72  kilograms  per  square  centimeter. 

V=15,0Q0  cubic  centimeters.        S=1.40.        W«=207.2  grams. 

VPS 
M=  I^-x=:4,330  kilograms  per  square  centimeter  (61,590  pounds  per  square  inch). 

w 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  7  Grams  of 

THE  Original  Wrapper. 


Date,  November  24, 1911. 
SoHd 


[Analyst,  A.  L.  Hyde.] 


Grams. 

93.9 

Liquid  (water) 9. 4 

Gaseous 92.  a 
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TESTS  OF  PEBMIS8IBLE  EXPLOSIVES. 


Large  Calosibb  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  103.6  gramB.<> 


Date  (1012). 


Weight 
of  water. 


Rise  in 

tempenh 

ture. 


Heat  devel- 
oped per 
kfiognun. 


Feb.  13. 
Do. 
Do. 


KUofframs. 
81.05 
81.96 
81.95 


0.768 
.734 
.740 


QUories. 

684.8 
654.1 
667.7 


a  Including  3.6  grams  of  the  original  wrapper. 

Average  laige  caloiiee  per  kilogram  of  explosive,  668.9. 

Compression  of  Small  Lead  Blocks. 
Chaige,  100  grams. 


Height. 

Date  (1912). 

Before 

explosion. 

After 
explosion. 

Compression. 

Mar.  27 

imtmeters. 
63.60 
63.60 
63.50 

MiUimeters, 
47.50 
48.00 
48.25 

MUUmeters. 

16.00 

Do 

16.50 

Do 

1&.25 

Average  compression,  15.6  millimeters  (0.61  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912.) 


Feb.  21. 
Do. 
Do. 


Volume  of  bore  hole. 

Expansion 

of  bore 

bole. 

Before 
shot. 

After 
shot. 

CvMeeentir 

meters. 

62 

62 

62 

(hMeeenti- 

meters. 

170 

168 

170 

CvMeeenO- 
meters, 
106 
106 
108 

Tempera- 
tureof 
block. 


•e. 


15 
16 
16 


Average  expansion  of  bore  hole,  107  cubic  centimeters  (6.53  cubic  inches). 

TBOJAN  COAL  POWDER  I. 

Explosive,  Trojan  coal  powder  I. 

Class  3,  organic  nitrate. 

Manufactured  by  the  Pennsylvania  Trojan  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  If  inches. 

Length  of  cartridge,  8}  inches. 

Average  weight,  501  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.38. 

Color  of  explosive,  white. 

Consistency,  powdered;  very  fine,  very  dry,  very  soft,  not  cohesive. 


BESULTS  OF  TBSTS. 
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Unit  deflective  charge  as  detennined  by  the  ballistic  pendulum: 
Date,  October  18, 1911. 
Unit  swing  used  on  this  date,  3.30  inches. 
Weight  of  charge,  in  grams,  400,    400,    400. 
Swing,  in  inches,  3.22,    3.24,    3.20. 
Average  swing,  in  inches.  3.22. 

3.22: 3.30::  400:  (410). 

Therefore  the  unit  deflective  charge  of  the  Trojan  coal  powder  I  is  410  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Wdeht 
cfaanse. 

liethane 

and 
ethane. 

Result 

Date  (1911). 

Weicfat 
chfurge. 

Methane 

and 
ethane. 

Remit. 

TbstI. 
Oet21 

Onme, 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 

410 
410 
410 

Percent, 
8.31 
8.33 
7.99 
7.96 
7.88 
8.01 
8.16 
8.15 
7.96 
7.98 

Noiniltkni. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do.* 

Tests— Con. 

Nov.3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct  24 

Do 

Do 

Oct  25 

Do 

Gnma. 
410 
410 
410 
410 
410 
410 
410 

0680 
a680 
0680 
0680 
0680 

Percent. 

NoLmltion. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Oct  23 

Do 

Do 

Test  3. 

Nov.3 

4.01 
4.35 
4.14 
4.22 
4.08 

NoUmition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

0680  grams  or  more  was  uaed. 
Rate  op  Dbtonaiion. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Oct  19 
Do 

Oct  20 


Distance 

between 

spark  points. 


Jimimetera. 
15.20 
14.80 
15.00 


Peripheral 

speed  of  drum 

per  second. 


MeUn, 
44.0 
44.0 
44.0 


Rate  of 
detonation 
per  second. 


MeUra, 
3,896 
3,978 
3,983 


Average  rate  of  detonation,  2,934  meters  (9,620  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 

Duration  of 
flame. 

VuTt? 

anuimetere. 
17.00 
18.00 
16.50 

Jwhea. 
21.47 
22.74 
20.84 

MnUmetera. 
8.00 
8.00 
9.00 

MWUeeondt. 
0.400 

Do 

.400 

Do 

.450 

Average  height  of  flame,  21.68  inches. 
Average  duration  of  flame,  0.417  millisecond. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Impact  Tebt. 


Date,  February  21, 1912. 


Distance  of 
faU. 

Number  of 
trials. 

K«8alt 

Distance  of 
fall. 

Number  of 
trials. 

BMDlt 

CffUtmeters. 
12 
16 
18 
22 

1 
I 

1 
1 

No  explosion. 

Do. 

Do. 
Explofiloii. 

OttUimetera. 
21 
2L 
20 

2 

1 
6 

Noezploalon. 
Ezploalon. 
No  explosion. 

The  tniiTiTmini  height  at  which  no  explosioii  occurs  establiahed  at  20  centimeten 
(7.87  inchee). 

Ezplosion-by*Influbngb  Test. 

Weight  of  each  cartridge,  222  grams. 


Date(UU2). 

Dii^tanoe 
separating 
cartridges. 

'»d"r' 

Date  (1012). 

Distance 
separating 
cartridges. 

^sSiSsr 

Mar.  6 

Do 

Do 

Inchet. 

3 
2 
3 

Did  not  explode. 
Exploded. 
Do. 

Mar.6 

Mar.  7 

Do 

IneMee. 

4 

4 
4 

Did  not  explode. 
Do.^ 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 
Thbobstigal  Maximum  Pressurb  Dbyblopbd  in  Own  Voluiib,  as  Dbtbrminbd 

BY  BiCHEL  PbBSSURB  GaQB. 

Indicator  spring,  0.60  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Cliaige.a 

Speciito 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Ckwllng 
surfiice. 

1 

Avenge 

pressure 

per  square 

centimeter. 

Mar.l 

Cframe. 
208 
206 
206 

208 
208 
208 
208 
208 
206 

1.38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.38 

MUUmden. 
28.50 
28.60 
26.60 
23.75 
23.75 
23.25 
23.00 
22.60 
22.00 

EHoarame. 
44.17 
44.17 
44.17 
39.58 
39.58 
38.75 
38.33 
37.50 
36.67 

A 
A 
A 
B 
B 
B 
C 
C 
C 

KBo(fram». 

Do 

44.17 

Do 

Do 

Do 

30.90 

Mar.2 

Do 

Mar.  4 

87.60 

Do 

a  Including  8  grama  of  the  original  wrapper. 

P= 1. 91 1A-I-0.5B— 1.4110=51.15  Idlograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.38.        W=208  grams. 

VPS 
M»-^rr7-K6,090  kilograms  per  square  centimeter  (72,400  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Ezplosivb  and  8  Grams  of 

THB  Original  Wrapper. 


[Anal3rst,  A.  L.  Hyde.] 


Date,  December  5, 1911. 
SoUd 


Qrams. 

84.8 

Liquid  (water) 10. 8 

Graseous 92. 1 


HBSULTS  Oir  TBSTS. 
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LaKGB  CaLQBIBB  DbVBLOPBD  WT  1  KiLOOliAlf  09  TBB  EXPLOSIVB. 

Chaii^,  104.0  gajDB.*^ 


1>ata  (1912). 

Weight 
ofwstoc. 

Rise  In 

tempera- 

turok 

HaatdevQl- 
oDedper 
kJDogram. 

Feb.  17 

81.95 
81.95 
81.95 

0.*873 
.882 
.916 

QOmia. 

776.6 

Do 

784.7 

Feb.  19 

815.3 

o  Including  4  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explo6ive»  792.2. 


GoMPBESSiON  OP  Small  Lead  Blocks. 


Ghaige>  100  grams. 


ft 

Height. 

Date  (1912). 

Before 
exploaion. 

After 
explosion. 

Gomprenkm. 

Miir.37 ,, 

MUUmeter*. 
63.50 
63.50 
63.50 

MWimeten. 
48.75 
49.25 
49.25 

MUiimtUrt. 
14.75 

Do 

14.25 

Do 

14.25 

Average  compression,  14.4  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  op  Tbauzl  Lead  Blocks. 
Chaige,  10  grams. 


Vohime  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempersr 

Date  (1912). 

Before 
shot. 

After 
shot. 

tureof 
block. 

FM>.21 

CvMceemi- 

meUrs. 

62 

62 

62 

Cubieceiai- 

miUT9. 

168 

164 

166 

CuMeeenii- 

106 
102 
104 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  104  cubic  centimeters  (6.34  cubic  inches). 

TBOJAN  COAL  FOWDBB  J. 

Explosive,  Trojan  coal  powder  J. 

Class  3,  organic  nitrate. 

lianufactured  by  the  Pennsylvania  Trojan  Powder  Co. 

Fhysical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8}  inches. 

Average  weight,  471  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.29. 

Color  of  explosive,  white. 

ConaiBtency,  powdered,  very  fine,  very  dry,  very  soft,  not  cohesive. 


244 


TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  October  18, 1911. 

Unit  swing  on  this  date,  3.30  inches. 

Weight  of  chazge,  in  grams,  350,    350,    350. 

Swing,  in  inches,  3.14,    3.21,    3.28. 

Average  swing,  in  inches,  3.21. 

3.21: 3.30:. -350:  (360). 
Therefore  the  unit  deflective  charge  of  Trojan  coal  powder  J  is  360  gmms. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Welffht 
charge. 

Methane 

and 
ethane. 

Result 

Date  (1911). 

Weieht 
charge. 

liethane 

and 
ethane. 

Result 

TkstI. 
Oct  23 

Oroms. 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 

360 
360 
360 

Percent. 
7.93 
7.99 
8.06 
8.05 
8.14 
8.17 
8.12 
7.80 
7.86 
7.82 

NoJfliition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do. 
Do. 

Test  3— Con. 

NoY.2 

Do 

Do 

Do 

Do 

Do 

Do 

TI9T4. 

Oct  25 

Do 

Do 

Do 

Do 

Oram*. 
360 
360 
360 
360 
360 
360 
360 

0680 
a680 
0680 
a680 
0680 

Percent. 

No  Ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Nov.  2 

3.96 
3.94 
4.18 
3.95 
4.06 

Nolmitioii. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
per  second. 


Oct  20 
Do 
Do 


Mmimetere. 
13.74 
13.40 
13.73 


Mettfe. 
44.0 
44.0 
44.0 


Mdet%, 
3,202 
3,2M 
3,206 


Average  rate  of  detonation,  3,230  meters  (10,590  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photcc^ph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  7 

Mimmetert. 
20.50 
17.00 
22.00 

Inehee. 
25.89 
21.47 
27.79 

MUUmeten. 
10.50 
8.50 
11.60 

JiimteeondM. 
0.626 

Do 

.426 

Do 

.S7f 

Average  height  of  flame,  25.05  inches. 
Average  duration  of  flame,  0.508  millisecond. 


BBSULTS  OF  TBSTS. 
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Date,  February  23,  1912. 


Impact  Test. 


blL 

Number  of 
trials. 

Result 

Distance  of 
fall. 

Number  of 
trials. 

Result 

OmUmeten. 

CtnHvMtcrs. 

20 

Exploskm. 

16 

1 

No  explosion. 

16 

NoexplosioD. 

16 

1 

Exploskm. 

18 

Do. 

14 

1 

Do. 

19 

Explosion. 

13 

2 

No  exploskm. 

18 

Do. 

18 

1 

Exploskm. 

17 

No  explosion. 

12 

1 

Do. 

17 

Explosion. 

11 

6 

No  exploskm. 

16 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 

(4.33  inches). 

Explosion-bt-Influence  Test. 

Weight  of  each  cartridge,  207  graniB. 


DBl)e(1912). 

Distance 
separating 
cartridges. 

Result^  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartiidge. 

Mar.O 

Do 

Do 

Do 

InAet. 

3 

4 
4 
4 

Exploded. 
Dkinot  explode. 

Do. 
Exploded. 

Mar.  9. 

Mar.  12 

Do 

Inehet, 

6 
6 
6 

Dkinot  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Thbobetical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BicHBL  Pressure  Gaqb. 

Indicator  spring,  0.60  raillimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.o 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
persqoare 
centimeter. 

Cooling 
surtBKW. 

Average 

pressure 

per  square 

centimeter. 

Iffar.4 

Cfnms. 
208 
208 
208 
208 
208 
208 
208 
208 
208 

1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 

Millinuters. 

ao.fio 
ao.5o 

29.00 
26.76 
26.50 
27.76 
27.00 
27.26 
26.75 

KiJogranu, 
50.83 
50.83 
48.33 
44.58 
44.17 
46.25 
45.00 
45.42 
44.68 

A 
A 
A 
B 
B 
B 
C 

.   c 

C 

Kijogrami. 

Do 

50.00 

Do 

Mar.  6 

Do 

45.00 

Mar.  ff 

Mar.  7, 

Do 

45.00 

I>o 

a  Including  8  grams  of  the  original  wrapper. 

P=1.911A+0.5B— 1.411C=54.56  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.29.        W=208  grams. 

VPS 

M=-^r>sB5,076  kilograms  per  square  centimeter  (72,200  pounds'per  square  inch), 
w 

Peoductb  of  Combustion  from  200  Grams  of  the  Explosive  and  8  Grams  of 

the  Original  Wrapper. 


Date,  December  6,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

81.7 

Liquid  (water) 14. 5 

GaseooB 97.1 
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TESTS  OP  PEBMISSIBLE  BXPLOSIVES. 


Large  Calories  Developed  bt  1  Kzloobam  of  the  Ezplosiyb. 
Charge,  104.0  grnmB.^ 


Date  (1912). 


Weight 
of  water. 


Rise  in 

tanpera* 

tare. 


Heat  devel- 
oped per 
kuoKrazn. 


Feb. 19. 
Do. 
Do. 


Kilogramt. 
81.96 
81.95 
8L96 


*C. 
o7792 
.804 
.827 


OtHortea. 
703.7 
714.5 
736.2 


a  Including  4  grama  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  717.8. 


Charge,  100  grams. 


COMPREBSION  OF  SmAIX  LsAD  BlOCKS. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Cowpr— inn 

Mar.  27 

63.50 
63.50 
68.50 

UmmHen. 
47.50 
48.00 
48.00 

MmmeUn. 
16.00 

Do 

15.50 

Do 

16.50 

Average  compression,  15.7  millimeters  (0.62  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


F^b.23. 
Do. 
Do. 


Volume  of  bore  hole. 

Expansion 

olbon 

hole. 

Before 
shot. 

After 
shot. 

CvbkcetUi- 
meters, 
62 
62 
62 

Cubk  centi- 
meters. 
190 
186 
192 

CtibiccetUi- 

meters. 

128 

124 

130 

Tempera- 
ture of 
block. 


*C. 


16 
15 
15 


Average  expansion  of  bore  hole,  127  cubic  centimeters  (7.75  cubic  inches). 

TX7NNELITE  B. 

Explosive,  Tunnelite  B. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 
Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  164  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  O.M. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BBStJLTS  OF  TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  April  15,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  chaige,  in  grams,  240,    240,    240. 

Swing,  in  inches,  3.23,    3.28,    3.23. 

Average  swing,  in  inches,  3.25. 

3.25  :  3.37  : :  240  :  (249). 
Therefore  the  unit  deflective  chai^  of  Tunnelite  B  is  249  grams. 

Gas  and  Dust  Gallbry  No.  1. 


Date  (1912). 

Welcht 
chaiSge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weleht 
charge. 

Methane 

and 
ethane. 

Result. 

TbstI. 
Apr.  16 

Omnu. 
240 
249 
249 
249 
249 
249 
249 
249 
249 
249 

249 
249 
240 

Percent. 
8.46 
8.37 
8.39 
8.07 
8.22 
8.43 
8.25 
8.10 
8.34 
8.14 

No  Isnitfcni. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  irnition. 
•   Do. 
Do. 

Test  3— Con. 

Apr.  24 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  23 

Do 

Do 

Do 

Do 

GrofM. 
249 
249 
249 
240 
249 
249 
249 

0680 
0680 
0680 
0680 
O680 

Percent. 

No  iimition. 

'^Do.: 

Do 

Do. 

Apr.  17 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Apr.  24 

4.04 
4.18 
4.18 
4.17 
4.04 

Noimitian. 

Do! 
Do. 

Do...:... 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


Ma72. 
Do 
Do 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


MiUimelert. 
15.05 
14.45 
14.65 


Meters. 
46.0 
44.5 
45.0 


Rate  of 
detonation 
per  second. 


MHers. 
2,990 
3,080 
3,072 


Average  rate  of  detonation,  3,047  meters  (9,990  feet)  per  second. 

Flamb  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Sept.  7. 

Sept.  10 

Do. 


Height  of 
photograph. 


MUUmeiere, 
7.50 
6.25 
5.76 


Height  of 
flame. 


Inches. 
9.47 
7.89 
7.26 


Duration 
distance. 


MUUmeten. 
2.00 
1.50 
1.00 


Duratlmiof 
flame. 


MUUeeoonda. 
0.100 
.075 
.060 


Average  height  of  flame,  8.21  inches. 
Average  duration  of  flame,  0.075  millisecond. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Impact  Test. 


Date,  September  6,  1912. 


Distance  of 
fail. 

Number  of 
trials. 

Result. 

Distance  of 
falL 

Number  of 
trials. 

Result. 

Centlmeten. 
25 
30 
27 
25 
20 

No  explosion. 
Explosion. 

Do. 

Do. 

Do. 

Centimeters 
15 
10 
14 
13 

1 
1 
1 
5 

Explosion. 
Noexploaioa. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  establiahed  at  13  centimeters 
(5.12  inches). 

Ex  PLOSION -bt-Influence  Test. 
Weight  of  each  cartridge,  151  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  6 

Do 

Do 

Inchee. 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Sept.  6 

Do 

Do 

Inches. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  Bichel  Pressure  Gaoe. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Aug.  8. 

Do. 

Do. 
Aug.  7. 

Do. 

Do. 
Aug.  6. 
Aug.  7. 

Do. 


Charge.a 

Speciflo 
gravity. 

Orams. 

219 

0.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

Height  of 
curve. 


MilUmeters. 
30.00 
30.00 
30.75 
28.00 
28.25 
28.75 
28.00 
28.25 
27.75 


Pressure 
per  square 
centimeter. 

Cooling 
surfboe. 

Kttogranu. 

93.75 

A 

03.75 

A 

96.09 

A 

87.50 

B 

88.28 

B 

89.84 

B 

•     87.50 

C 

88.28 

C 

86.72 

c 

Average 

pressure 

per  square 

centimeter. 


ISiofframM. 
94.53 

88.54 

87.50 


a  Including  19  grams  of  the  original  wrapper. 

P=1.911A+0.5B— 1.4110=101.45  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.»4.        W=219  grams. 

VPS 
M=-=z=-=s6,532  kilograms  per  square  centimeter  (92,910  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  19  Grams  of 

THE  Original  Wrapper. 


Date,  April  29,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


OfBIOS. 

24.6 

Liquid  (water) 63.0 

Gaseous 1261 
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Laboe  CaiiORIbb  Developed  bt  1  Kilogram  op  the  Explosive. 
Ohaige,  109.5  grams.a 


Date  (1012). 


July  24. 

Do. 

July  25. 


Weight 
of  water. 


KUognmu. 
81.06 
81.96 
81.95 


Rise  In 
tempera- 
ture. 


1.100 
1.106 
1.120 


Heat  devel- 
oped per 
kftogram. 


Oakriet. 
931.4 
938.3 
948.6 


a  Including  9.5  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  exploeive,  939.4. 


Compression  op  Small  Lead  Blocks. 


Ghaige,  100  grams. 


Height. 

Date  (1912). 

Before 
explosion. 

After 
explosion. 

Compression. 

8eDt24 

MUlimetert. 
63.25 
63.25 
63.25 

MilUmetert. 
49.75 
49.75 
50.00 

MUlimeUre. 
13.50 

^)o:v::::::. :.::::. ::...:.: :.: ::.. 

13.50 

Do 

13.25 

Average  compression,  13.4  millimeters  (0.53  inch). 


Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 


Charge,  10  grams. 


Date  (1912). 


Sept.  21. 
Do!! 


Volume  of  bore  hole. 


Before 
shot. 


Cubkcenti- 

meters. 

62 

62 

62 


After 
shot. 


CiMeeenti- 

meters, 

306 

305 

312 


Expansion 
of  bore 
hole.  ' 


Cubic  eenii- 

meters. 

244 

243 

260 


Tempera- 
ture of 
block. 


•C. 


16 
16 
16 


Average  expansion  of  bore  hole,  246  cubic  centimeters  (15.01  cubic  inches). 

TXTNNBLITE  C. 

Explosive,  Tunnelite  C. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  178  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS  OF  PEBMISSIBLB  EXPLOSIVES. 


Unit  deflective  chaige  aa  detennined  by  the  ballistic  pendulum: 

Date,  April  15,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  chaige,  in  grams,  250,    250,    250. 

Swing,  in  incheei,  3.25,    3.40,    3.24. 

Average  swing,  in  inches,  3.30. 

3.30  :  3.37  :  :  250  :  (255). 
Therefore  the  unit  deflective  charge  of  Tunnelite  C  is  255  grams. 

Gas  and  Dust  Gallery  No.  1. 


Data  (1912). 

WeiEht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

WelKht 
chafips. 

Methane 

and 
etliane. 

ROBUlt 

TbstI. 

Apr.  17 

Do 

Oranu. 
255 
255 
256 
255 
265 
266 
265 
266 
266 
265 

265 

255 
266 

Percent. 
8.07 
7.87 
7.77 
7.87 
8.61 
7.OT 
7.OT 
8.33 
8.36 
8.00 

No  imition. 
T>o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noimitioa. 
Do. 
Do. 

Teot  3— Con. 

Apr.24 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4, 

• 

Apr.23 

Do 

Do 

Do 

Do 

Onnu. 
266 
266 
266 
266 
266 
266 
266 

a680 

aeso 
aeso 
aeso 
aeso 

Percent. 

VolnMI&tL 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Apr.  18 

Do 

TB8T3. 

Apr.24 

Do 

Do 

4.06 
4.17 
4.20 
4.10 
4.22 

No  IgnltloD. 
Do. 
Do. 
Do. 

Do. 

a  680  grams  or  more  was  used. 

Rate  of  Dbtonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


May  2. 

Mays. 

Do 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


MUttmeten. 
14.80 
14.36 
14.20 


Melen. 
46.0 
44.6 
43.6 


Rate  of 
detoDstion 
per  seccMid. 


JTeiert. 

3,041 
3,101 
1,683 


Average  rate  of  detonation,  3,068  meters  (10,060  feet)  per  second. 

Impact  Test. 
Date,  August  19,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Disteooeof 
faU. 

Number  o( 

trials. 

ReSQlt. 

Centimeter: 
40 
60 
60 
70 

1 
1 
1 
1 

No  explosion. 

Do. 

Do. 
Explosion. 

CeniAmetere. 
«6 

62 

64 

t 
1 
6 

Exptarim. 

No  eimlosioa. 
DoT^ 

The  maximum  height  at  which  no  exjrfoeion  ocean 
(25.2  inches). 


At  64  oentlmeten 


RESULTS  OF   TESTS. 


251 


Explosion-bt-Influence  Test. 
Weight  of  each  cartridge,  164  grams. 


Date  (1912). 

DiBtBDm 

aepanttng 
oartridgM. 

Result,  upper 
cartndge. 

Date  (1912). 

Distanoe 
aepantiiig 
cartridges. 

Result,  upper 
'cartridge. 

8«pt.7 

Do 

Do 

• 

Aidket. 

3 

a 

1 

Did  not  explode. 

Do. 
Exploded. 

Sept.? 

Do 

Do 

/nchst. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Thbobbtical  Maximum  Pbessubb  Devbloped  in  Own  Volumb,  as  Dbtb&minbd 

BT  BicHBL  Pbessubb  Gage. 

Indicator  spring,  0.32  millimetersl  kilogram  per  square  centimeter. 


Date  (1912). 


Aug.  19. 

Do. 

Do. 
Ai]g.2S. 

Do. 

Do. 
Aug.  21. 

Do. 

Do. 


Charge.a 


Qranu. 

218 
218 
218 
218 
218 
218 
218 
218 
218 


Speciflo 
gravity. 


1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 


Height  of 
curve. 


liUUmtUrt. 
ao.26 
30.75 
31.76 
28.00 
28.00 
28.00 
27.60 
27.75 
27.26 


Pressure 
per  square 
centimeter, 


KUogramt. 
94.63 
96.09 
90.22 
87.50 
87.60 
87.50 
85.94 
86.72 
86.16 


Ckwling 
surfoce. 


A 

A 
A 
B 
B 
B 
C 
C 
C 


Average 

pressure 

per  square 

centimeter. 


KUo^ranu. 
96.61 

87.50 

86.94 


a  Including  18  grams  of  the  original  wrapper. 

Psl.911A+0.5B— 1.411Csl07.11  kilograms  per  square  centimeter. 

V»15,000  cubic  centimeters.        S»1.02.        W=218  grams. 

VPS 
M»-«^  =7,517  kilograms  per  square  centimeter  (106,920  pounds  per  square  inch). 

Pboducts  of  Combustion  Fbom  200  Gbams  of  the  Explosive  and  19  Gbams  of 

THE  ObIGINAL  WbAPPBB. 


Date,  April  30,  1912. 
SoUd 


(Analyst,  A.  L.  Hyde.) 


Grams. 

24, 7 

Liquid  (water) 61.  5 

Gaseous 125.2 

Laboe  CalobIes  Developed  by  1  Kilogbam  ok  the  Explosive. 
Chaigc,  109.0  grams.a 


Date  (1913). 


July2(. 
Do. 
Do. 


Weight 
of  water. 


KUoonms. 
81.96 
K1.95 
81.95 


Kisein 
tempera- 
ture. 


1.139 
1. 100 
1.100 


Heat  devel- 
oned  per 
kuogram. 


fVi/orif*. 
909.2 
935.7 
935.7 


d  Including  9  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  946.9. 
91853'— Bull.  66—13 17 
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TESTS  OF  FBBMISSIBLE  EXPLOSIVES. 


Compression  of  Small  Lead  Blocks. 


Chaige,  100  grams. 


ft 

Date  (1912). 

Height. 

• 

Before 
explosion. 

After 
expkMion. 

Compmsion. 

Auk.  14 

63.25 
93.25 
93.50 

MUUmders, 
48.75 
48.50 
«.25 

liUUmdert, 
14.50 

Anr.  15 , -.,.--., 

14.73 

Do 

14.25 

Average  compression,  14.5  miliimetere  (0.57  inch). 

Expansion  of  B9RE  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1912). 


Sept.  27. 
Do.. 
Do.. 


Volume  of  bore  hole. 

Expansioii 

of  bore 

hole. 

Before 
shot. 

After 
shot. 

CMMceenti- 
mdert. 
92 
92 
92 

Cvbkcenii- 

meten. 

270 

272 

277 

CubkeenH- 
meten. 
208 
210 
215 

Temperar 
tore  of 
block. 


•C. 


15 
15 
15 


Average  expansion  of  bore  hole,  211  cubic  centimeters  (12.87  cubic  inches). 

TUNNSUTB  NO.  6. 

Explosive,  Tunnelite  No.  5. 

Class  4,  nitroglycerin. 

Manuhctured  by  the  G.  R.  McAbee  Powder  db  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  220  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  chaige  as  determined  by  the  ballistic  pendulum: 

Date,  August  27,  1909. 

Unit  swing  on  this  date,  2.61  inches. 

Weight  of  charge,  in  grams,  315,    315,    315. 

Swing,  in  inches,  2.55,    2.54,    2.45. 

Average  swing,  in  inches,  2.51. 

2.51  :2.61  ::  315:  (328). 
Therefore  the  unit  deflective  chaige  of  Tunnelite  No.  5  ih  328  fiframs. 


BE8ULTS  OF  TESTS. 
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Gas  and  Duatt  Gallbbt  No.  1. 


Date  (1909). 

Webht 
cliiurse. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Wei£ht 
charge. 

Methane 

and 
ethMM. 

Result. 

Tm  1. 

*"«i4';.::::; 

Ommt. 
328 
328 
328 
328 
328 
328 
328 
338 
338 
338 

338 
328 
328 

Percent. 
8.31 
8.41 
8.51 
8.00 
8.10 
8.45 
8.50 
8.45 
8.45 
8.33 

No  isnitJon. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noimltini. 
Do. 
Do. 

TEaT3— <3on. 

Sept.  1 

Do 

Do 

Do 

Do 

Do 

Do 

TXST  4. 

Aug.  13 

Do 

Do 

Do 

Do 

328 
328 
338 
328 
338 
328 
328 

0080 
0080 
o080 
O080 
O080 

Percent. 

Noi^lkm. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

8api.3 

TEn3. 

Aiur.31 

4.35 
4.10 
4.10 
3.92 
4.00 

NoJmiUon. 
Do. 
Do. 
Do. 

SmLl 

Do. 

^^Do:...:.. 

o  080  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Data  (1909-10). 


Aug.  27 
Aug.  28 
June  2.. 


Distance 

between 

spark  pohits. 


MUlimetert. 
10.90 
10.00 
1&86 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Uetere. 
2,544 
3,590 
2,553 


Average  rate  of  detonation,  2,562  meters  (8,400  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Apr.  12. 
Do. 
Do. 


Height  of 
photogiaph. 


MUHmtltn, 
19.60 
11.35 
10.50 


Height  of 
flfune. 


Indue. 
34.03 
14.31 
20.84 


Duration 
distance. 


MUUmetere. 
8.60 
0.60 

7.75 


Doiatkmof 
flame. 


MUUeeeondB. 
0.425 
.325 
.388 


Average  height  of  flame,  19.89  inches. 
Average  duration  of  flame,  0.379  millisecond. 
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TESTS  OF  PERMISSIBLE   EXPLOSIVES. 


Impact  Test. 


Date,  May  6,  1910. 


Distance  of 
foil. 

Number  of 
trials. 

Result 

Distance  of 
foil. 

Number  of 
trials. 

Result. 

CenUmetert. 
14 
18 
16 
15 
14 
14 

1 
1 
1 
1 
8 
1 

No  explosion 
Bxpkmon. 

Do. 

Da 
NoexpkMion. 
Explonon. 

OmUmeters. 
13 
12 
12 
11 
10 

1 
1 
1 
1 
5 

Explosion. 

Noexplosioo. 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeteni 
(3.94  inches). 

Explo8ion-by-Influencb  Test. 
Weight  of  each  cartridge,  180  grams. 


Date  (1013). 

Distance 
sepaiBting 
cartridges. 

Result^  upper 

Date  (1012). 

Distance 
separating 
cartridges. 

''SSC" 

/ncket. 

Indtet. 

Dec.  3 

10 

Exploded. 

Dec.  4 

16 

Did  not  explode. 

Dec.  4 

12 

Do. 

Do 

16 

Exploded. 

Did  not  explode. 

Do 

14 

Did  not  explode. 

Do 

17 

Do 

18 

Exploded. 

Do 

17 

Eamloded. 
Did  not  explode. 

Do 

14 

Do. 

Do 

18 

Do 

15 

Did  not  explode. 

Do 

18 

Exploded. 

Did  not  explode. 

Do 

16 

Do. 

Do 

10 

Do 

15 

Exploded. 
Did  not  explode. 

Do 

10 

Do. 

Do 

16 

Do 

10 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  19  inches. 

Thbobetical  Maximum  Pbessubb  Developed  in  Own  Volume,  as  Dstbbmxnkd 

BT  BicHEL  Pbessubb  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1018). 


Jan.  31. 

Do. 

Do. 

Do. 

Do. 
Feb.  13 
Jan.  31. 

Do. 

Do. 


Ctaarge.<> 


213 
213 
213 
218 
218 
213 
213 
213 
213 


Speciflo 
gravity. 


1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 


Height  of 
curve. 


MUUmeteri. 
10.76 
20.00 
20.00 
20.00 
10.75 
10.25 
18.50 
18.00 
18.26 


Pressure 
per  square 
oentimeter. 


Kitogrami. 
01.72 
63.50 
02.50 
02.50 
61.72 
60.16 
S7.8i 
66.25 
57.03 


Cooling 
surlsce. 


A 
A 
A 
B 
B 
B 
C 
C 
C 


per  square 
oentimeter. 


Ailogranu. 
68.24 

61.46 

57.  (Q 


a  Including  13  grams  of  the  original  wrapper. 

P  =1.91lA-f  0.5B-1.411C=69.20  kilograms  per  square  centimeter. 

V  =15,000  cubic  centimeters.        S=1.12.        W=213  grams. 

VPS 
M=-.:j^  =5,458  kilograms  per  square  centimeter  (77,630  pounds  per  square  inch). 
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Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 


(.\iialystt  A.  L.  Hyde.] 


Date,  June  15,  1910. 
SoUd 


Orams. 
82.9 


Liquid  (water) 12. 1 

Gaseous 1 13. 8 


Large  Calorirb  Drvf.loprd  ry  1  Kilooram  of  the  Explosive. 
Charge,  106.5  grainfl.<> 


Date  (1912). 

Weight 
of  water. 

Rise  in. 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Dec  12 

KUogntfu. 
81.06 
81.06 
81.06 

•c. 

0.786 
.771 
.791 

Calorie: 
082.0 

Do 

668.8 

Do 

668.4 

a  Indudhig  6.6  grams  of  the  original  wrapper. 
Average  laige  calories  per  kilogram  of  explosive,  679.1. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  giams. 


Date  (1910). 

Height. 

Before 
ezploskui. 

After 
ezploeton. 

CompnBBion. 

ImM  2 

MmmeUn. 
63.60 
68.60 
63.60 

Mtmmdert. 
64.26 
64.00 
64.26 

MUUnuUn, 
9.26 

Do 

9.60 

Do 

9.26 

Average  compression,  9.3  millimeters  (0.37  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Ten^Mra- 

Date  (1910). 

Before 
shot. 

After 
shot. 

tureof 
block. 

lCaT36. 

CiMeeerM- 

tnetert. 

63 

63 

68 

CuMeeenti- 

fMUn. 

183 

186 

188 

CuhkcefUi- 

tiutin. 

120 

123 

125 

'C. 

16 

^::.::::.. ..:...: :.:.:.:.:...:.:..::.. 

15 

Do 

15 

Average  expansion  of  bore  hole,  123  cubic  centimeters  (7.50  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


TX7NNBUTB  KO.  6. 

Explosive,  Tunnelite  No.  6. 

Olaas  4,  nitroglycerin. 

Mftnu^tured  by  the  6.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  202  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.97. 

Color  of  explosive,  Nile  green. 

Consistency,  granular,  fine,  dry,  soft,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  27,  1909. 

Unit  swing  on  this  date,  2.61  inches. 

Weight  of  charge,  in  grams,  305,    305,    305. 

Swing,  in  inches,  2.57,    2.58,    2.67. 

Average  swing,  in  inches,  2.61. 

2.61: 2.61::  305:  (305). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  6  is  305  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1900). 


1. 

Sept.  2.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do.... 

Test  3. 

Sept  2.... 

Do.... 

Sept.  3.... 


Weight 

Methane 
and 

charge. 

ethane. 

Orami. 

Percent. 

306 

7.01 

306 

8.30 

305 

8.04 

306 

8.20 

305 

8.21 

306 

8.30 

306 

8.28 

305 

8.33 

305 

8.06 

306 

8.21 

306 
306 
306 

Result. 


No  imltton. 
Do. 
Do. 
J>o. 
Do. 
Do. 
Do.  . 
Do. 
Do. 
Do. 


No  Ignition. 
Do. 
Do. 


Date  (1900). 


Test  3— Con 

Sept.  8 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  1 

Do 

Do 

Do 

Do 


Weight 

MeChaae 

and 

charge. 

ethane. 

Grame. 

Percent. 

306 
305 
306 
306 
306 
306 
306 

a880 

4.20 

a680 

4.53 

a680 

4.32 

a680 

4.25 

a680 

4.37 

Remit. 


NoimltfoiL 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  lanHluiL. 

DO. 

Do. 
Do. 
Do. 


a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Dat«  (1909). 

• 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rata  of 
detonation 
per  ssoeiKl. 

June  6 

MUUmwUre. 
14.46 
14.78 
14.64 

Metert. 
43.0 
43.0 
43.0 

2!  1174 

June  7 

2.009 
2,967 

Do 

Average  rate  of  detonation,  2,947  meters  (9,670  feet)  per  second. 


BESULTS  OP  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photogEaph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  12 

Mimmetera. 
25.00 
18.00 
20.00 

31.58 
22.74 
25.26 

ummeten. 
12.00 
8.50 
8.50 

iflWwcond*. 
0.600 

Do...::::::.:...; : 

.426 

Do 

.425 

Average  height  of  flame,  26.53  inches. 
Avenge  duration  of  flame,  0.483  millisecond. 


Date,  May  6,  1910. 


Impaot  Test. 


DiBlBiioeof 
faXL 

Number  of 
trials. 

Remit. 

Distanoe  of 
foil. 

Number  of 
trials. 

Result. 

OmtiMitttt, 
12 
14 
1« 

15 

1 
1 
1 
1 

DoT^ 
Bxplosion* 

CenHmetere. 
14 
13 
12 
11 

1 
1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

EXFLOtUON-BY-lNFLUENGB  TbBT. 

Weight  of  each  cartridge,  167  grams. 


Date  (1912). 

Distanoe 
sepaiating 
cartridges. 

Result,  upper 
oartndge. 

Date  (1912). 

Distance 
sepaiatfaig 
cartridges. 

Result,  upper 
oartndge. 

Dec.  3 

Do 

Do 

Do 

Do 

Iftdut, 

5 

9 

12 

14 

13 

Expkided. 

Do. 
Did  not  explode. 
Do. 

Dec.  3 

Do 

Do 

Do 

Do 

Incket, 

13 
14 
15 
15 
15 

Exploded. 

Do. 
Did  not  explode. 

Do, 

Do. 

The  minimum  distanoe  at  which  no  explosion  occurs  established  at  15  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  Bichel  Pressure  Gaoe. 

Indicator  spring,  0.32  imllimeterad  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.a 

Speoifio 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

(Pooling 
surface. 

Aven^ 

pressure 

per  square 

centimeter. 

Jan.  31 

Grains. 
213 
213 
213 
2tt 
213 
213 
213 
213 
213 

L04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 

MiUimeters. 
2L75 
21.75 
21.00 
20.50 
20.75 
20.25 
19.75 
20.00 
20.00 

Ailoffmms. 
67.97 
«7.97 
65.62 
64.06 
64.84 
63.28 
61.72 
62.50 
62.50 

A 
A 

A 
B 
B 
B 
C 
C 
C 

KlloQrams. 

Do 

67. 19 

Feb.1 

Do 

Do 

64.06 

Do 

Feb.  8 

Do 

62.24 

Do 

•  Including  13  gmnis  of  the  original  wrapper. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


P  =1.911A-f  0.5B-1.411C=72.61  kilograms  per  square  centimeter. 
V  =  15,000  cubic  centimeters.        S=i.04.        W=213  grams. 

VPS 
M=-~=~  =5,318  kilograms  per  square  centimeter  (75,640  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 


[Amdyst,  A.  L.  Hyde.) 


Date,  June  18,  1910. 
Solid 


Orams. 

67. 1 

Liquid  (water) 14. 4 

Gaseous 122.4 

Large  Calories  Developed  bt  1  Kilogram  of  the  Explosfve. 
Charge,  106.5  grams.^i 


Date  (1912). 


Dec.  13. 

Do. 

Dec.  16. 


Weight 
of  water. 


KUognmt. 
8L06 
8L05 
8L06 


Rise  in 

tampen- 

tun. 


•C. 
a7»4 
.776 
.773 


Heatdevel> 
oped  per 
kuocnuii. 


CtaleHct. 
«».0 
6712 
07Qi6 


a  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kOogram  of  explosive,  677.6. 


Compression  of  Small  Lba1>  Blocks. 


Chaige,  100  grams. 


Height. 

Date  (1910). 

Befnre 
explosion. 

After 
ezploakm. 

Compcesiloii. 

June  2 

6S.50 
63.60 
63.60 

62.26 
61.75 
51.60 

inatauun. 

11.26 

Do 

11.75 

Do 

1200 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempenk- 

Date  (1910). 

Before 
shot. 

After 
shot. 

tureof 
blook. 

May  26 

Cnhkeenti- 
mdert. 
63 
63 
68 

CiMccenH- 

222 
218 
213 

CttMeecnM- 

iiMter*. 

150 

155 

150 

•e. 

^Do..: 

15 

Do 

15 

Average  expansion  of  bore  hole,  155  cubic  centimeters  (9.46  cubic  inches). 


BE8ULT8  OF  TESTS. 
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TTJNNEUTB  NO.  d-£.  F. 

Explosive,  Tunne]ite  No.  6-L.  F. 

Glass  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  d;  Oil  Go. 

Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  214  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Goior  of  explosive,  ecru  with  green  spots. 

Gonsistency,  fibrous,  coarse,  dry,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  13,  1909. 

Unit  swing  on  this  date,  3.14  inches. 

Weight  of  charge,  in  grams,  305,    305,    305. 

Swing,  in  inches,  3.23,    3.18,    3.13. 

Average  swing,  in  inches,  3.18. 

3.18  : 3.14  :  :  305  :  (301). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  6-L.  F.  is  301  grams. 

Gas  and  Dust  Gallery  No.  1. 


I>ato(190»-10). 

Weteht 
charge. 

Ifetbane 

and 
ethane. 

Result. 

Date  (1900). 

Wefeht 
chiurse. 

Methaaa 

and 
ethane. 

Bflsolt* 

Tml. 
T>ec.  21 

Qranu, 

aoi 
aoi 
aoi 

801 

aoi 
aoi 
aoi 
aoi 
aoi 
an 

aoi 
aoi 

301 

PereenL 
7.78 
7.81 
7.81 
8.10 
8.10 
7.06 
&16 
8.10 
8.10 
8.07 

Noiflittloii. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noindtkm. 
Do! 

TiST  3--Gon. 

Jan.  28 

Do 

Do 

Do 

Do 

Do 

Do 

TBST4. 

Jan.  20 

Do 

Jan.  21 

Do 

Do 

Qranu, 

aoi 

301 

aoi 

301 
301 
301 
301 

«080 
«660 
•flSO 
a080 
«e80 

PiteenL 

NoUmltioii. 
Do. 

Do 

Do 

Do. 

D«e.  22 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Tests. 

Jan.  ^ 

3.06 
4.00 
4.14 
3.00 
S.0O 

Notmitlon. 

Do! 
Do. 

Do 

Do. 

Do 

«  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1000). 


Deo.  U 

Dec.  17 

Do 


DJstanoe 

between 

spark  points. 


MUlHneten. 
14.23 
14.23 
14.86 


Peripheral 

speed  of  dram 

per  second. 


MtUn, 

43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


MeUr$, 
2,883 
8,024 
2,804 


Average  rate  of  detonation,  2,933  meters  (9,620  feet)  per  second. 
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TESTS  OF   PERMISSIBLE  EXPLOSIVES. 


FLAlfE  Tb8T. 

Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
phot^T&ph. 

Hel^t  of 
.flame. 

Duration 

Dimtlonof 

flSBfc 

8«pt.  24 

» 

MUUmeUn. 
13.75 
12.50 
16.75 

17.37 
15.79 
21.16 

6.00 
5.50 
8.26 

MMMtnondt. 
OlMO 

Do 

•  275 

Do - 

.412 

Average  height  of  flame,  18.11  Inches. 
Average  duration  of  flame,  0.329  millisecond. 


Impact  Test. 


Date,  June  29,  1910. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 

Nomberof 
trials. 

ResoK. 

OmthneUrt. 
18 
20 
24 
28 

1 
1 

1 
1 

Noeocploakin. 

Do. 

Do. 
BxplosleiL 

Centhiuteri. 
27 
?6 
26 

1 
1 
5 

No  expkMfon. 

The  maximum  height  at  which  no  explosion  occurs  established  at  25  centimeters 
(9.84  inches). 

Explosion-by-Iktflubnce  Test. 

Weight  of  eaSch  cartridge,  166  grams. 


Date  (1010). 

Distanoe 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Dlttanoe 
separating 
cartridges. 

oartrldge. 

Nov.lO 

Do 

Do 

Inches. 

6 

4 
3 

Did  not  explode. 

Do. 
Exploded. 

Nov.  19 

Do 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BT  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter^  1  kilogram  per  square  centimeter. 


Date  (1910). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Prsssure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

hm^TfT 

Orama. 
218 
218 
218 
218 
218 
218 
218 
218 
218 

1.02 
1.02 
L02 
1.02 
1.02 
1.02 
1.09 
1.02 
1.02 

3immeUr9. 
26.75 
26.00 
26.25 
24.76 
24.60 
24.50 
23.75 
24.25 
2185 

KUoqnmt. 
68.88 
66.00 
66.62 
6L88 
61.25 
61.25 
59.88 
60.62 
60l62 

A 
A 

A 
B 
B 
B 
C 
C 
C 

KUogruvu, 

Do 

66.83 

Do 

Oct.  4 

Do 

6L4e 

Do 

Do 

Do 

60l21 

Do 

9 

a  Including  18  grams  of  the  original  wnpper. 


KEBtJLTS  OP  TKST8. 
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P—1.911A4-0.5B— 1.4110=71.57  kilognkniB  per  square  centimeter. 

y»15,000  cubic  centimeterB.        S»1.02.        W»218  grams. 

VPS 
Ms=-B^=5,023  kiiognuuB  per  square  centimeter  (71,450  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  tbs  Exflosivs  and  18  Grams  of 

THE  Original  Wrafpbb. 


Date,  July  1,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.) 


Grams. 

«5.0 

Liquid  (water) 12. 0 

Gasecufl 132.7 

Large  Calories  Developed  bt  1  Kilogram  or  the  Bxnoaivv. 
Chaige,  110.0  grams.a 


Date  (1910). 


Aug.  23. 

Aug.  24. 

Do. 


Weight 
of  water. 


KUoanmt. 
80.96 
80.96 
80.96 


Rise  in 

tempeMi 

tare. 


*C. 
0.'759 
.746 
.736 


Heat  devel- 
oped per 
kuognm. 


CaJariet, 
630.5 
610.5 
611.1 


a  Including  10  gians  of  the  offlgfaaal  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  620.4. 


Co«fbb8Sion  of  Small  Lead  Blocme. 


Charge,  100  grams. 


Height. 

Date  (1910). 

Before 
exploskai. 

After 
explosion. 

Gompmslon. 

Iffir  12 

63.50 
63.50 
68.50 

MUUmdert, 
52.75 
52.75 
53.50 

MUUmderi. 
10. 7S 

Do 

10.75 

Do 

10.00 

Average  compression,  10.5  millimeters  (0.41  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


• 

Volume  of  bore  hole. 

Expansion 

01  bore 

hole. 

Tempera- 

Dttte(lOlO). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Oct.  19 

CuMeeenU- 

63 
68 
63r 

Cubkeenti- 
meUn. 
214 
210 
214 

1*51 
147 
151 

•o. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  150  cubic  centimeters  (9.15  cubic  inches). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


TUNNEUTB  NO.  7. 

ExploHive,  Tiiunelite  No.  7. 

Class  4f  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination; 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  200  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  ^ru  with  green  spots. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  17,  1909. 

Unit  swing  on  this  date,  2.75  inches. 

Weij^t  of  charge,  in  grams,  305,    305,    305. 

Swing,  in  inches,  2.64,    2.68,    2.77. 

Average  swing,  in  inches,  2.70. 

2.70  :  2.75  : :  305  :  (311). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  7  is  311  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date(lQ»). 

Weicht 
chjurge. 

Methane 

and 
ethane. 

Remilt. 

Date  (1909). 

Weight 
cfaeige. 

Methane 

and 
ethane. 

Benlt. 

TUTl. 

Onmt. 
811 
311 
311 
311 
311 
811 
811 
311 
311 
811 

311 
311 
311 

PerciiU. 
8.45 
8.63 
8.62 
8.62 
7.97 
8. 32 
8.84 
8.20 
8.19 
8.40 

Noimiitlon. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Noiniitlon. 
Do. 
Do. 

Test  3— Con. 

Do 

All|L^ 

Do','.'.'.'.'.'. 
Do 

Tasr  4. 

^•V.v.:::: 

Do 

Do 

Do 

Ommt. 

311 
311 
311 
311 
311 
311 
311 

•  680 
a680 

•  680 

•  680 

•  680 

Peroent. 

NotAttiOQ. 

Do 

Do. 

Do 

Do. 

^V;.::::: 

Do. 

Do. 

Do 

Do. 

Do 

Do 

Do 

TistS. 

4.22 
4.22 
4.22 
4.14 
4.22 

NofamitkiiL 

Do. 
Do. 

Do. 

Do 

•  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


June  4. 
Do 
Do 


Distance 

between 

spark  points. 


Peripheral 

speed  of  dnmi 

per  second. 


MUiimetert. 
16.18 
16.17 
16.16 


Metert. 
43.0 
43.0 
48.0 


Rate  of 
detonation 
peraeoood. 


MeUn. 

3, 
3. 


Average  rate  of  detonation,  2,659  meters  (8,720  feet)  per  second. 


RESULTS  OF  TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1010). 

Height  of 
pbotognph. 

Height  of 
flame. 

Dmatioii 
distanoe. 

Dnimtkniof 
flame. 

Apr.  12. 

MUUmeUn, 
20.50 
18. 7S 
18.75 

Indut. 
25.80 
23.68 
a.68 

Mmnmen. 
10.00 
8.00 
7.7S 

MUttteeondt. 
0.500 

Do..::::::::.:.:::.:.:.::: 

.400 

Do 

Average  height  of  flame,  24.42  inches. 
Average  duration  of  flame,  0.429  millisecond. 


Date,  May  5,  1910. 


Impactt  Test. 


Dirtuoeof 
liUl. 

Number  of 
trials. 

Result. 

Distanoe  of 
faU. 

Number  of 
trials. 

Result. 

Omtimetert. 

No  explosioii. 
Explosion. 

No'expkMion. 
Explosion. 

13 
13 
12 
12 
11 

3 

1 
2 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 
ExpkMon. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 

(4.33  inches). 

Explobion-by-Inplubncb  Test. 

Weight  of  each  cartridge,  164  grams. 


Dale  (1012). 

DiBtsDoe 
sepaiating 
cartridges. 

"isfessr 

Date  (1012). 

DiBtsDoe 
separating 
cartridges. 

•isfejgr 

Dec  4 

Do 

Dec  5 

Do 

Do 

Do 

Do 

Indua. 

14 
12 
10 
11 
12 
13 
14 

Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 

Do. 

Do. 

Dec  5 

Do 

Do 

Do 

Do 

Do 

IftdiU, 

15 
15 
16 
17 
17 
17 

Did  not  explode. 
Exploded. 

Do. 
Did  not  explode. 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  17  inches. 

THBOBvncAL  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicHBL  Pressure  Gage. 


Indicator  spring,  0.32  milUmetersl  kilogram 

per  square 

)  centimeter. 

Date  (1013). 

Charge.o 

Speclflo 
gravity. 

Height  of 
ourre. 

Pressure 
per  square 
centimeter. 

# 

Cooling 
snrfMs. 

Avenge 

pmsure 

per  square 

centimeter. 

Feb.  4 

Onvu. 
211 
211 
311. 
211 
211 
211 
211 
211 
211 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

MUUmetert. 
20.50 
20.25 
10.50 
10.50 
10.50 
10.25 
18.00 
18.25 
18.75 

Kilogramt. 
64.06 
63.28 
60.04 
60.04 
60.04 
60.16 
56.25 
57.03 
58.50 

A 
A 

A 
B 
B 
B 
C 
C 
C 

Kttogramt. 

Do 

62.76 

Do 

Feb.  3 

Do 

60.68 

Do 

Do 

Do 

57.20 

Do 

•  Including  11  grams  o(  the  original  wrapper. 
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T£STS  OF  PJBSMISBIfiiJS  fiXPLOSIVES. 


P«1.911A+0.5B— 1.411C»69.44  kUoefanw  per  square  centimeter. 

Vb  15,000  cubic  centimeters.        S^  1.02.       WaB211  grams. 

VPS 
Ms--»riB5,035  kilograms  per  square  centimeter  (71,610  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  11  Grams  of 

THE  Original  Wrapper. 

(Aiwlyst,  A.  L.  Hyde.] 
Date,  December  12,  1912.  anms. 

SoUd 52.0 

Liquid  (water) 10. 0 

Gaseous 128.8 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  105.5  gnuii8.<> 


Date  (1013). 

Weigbt 
of  water. 

Rfaein 

tempera* 

ture. 

Heatd«vel> 

oped  per 

wwnm. 

Jan,  10 

81.96 
$1.96 
81.96 

•c. 

0.007 
.714 
.722 

OtUfrta. 
000. 0 

Do 

634.0 

Jan.  11 

631.8 

« Inchidlng  6.5  grama  of  the  orlg taal  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  '022.0. 

Compression  of  Small  Lead  Blocks. 
Charge,  lOOjgnims.  . 


Height. 

Date  (1910). 

Belbre 
ezptaHon. 

After 
•xplosfam. 

Compresakm. 

Jun<^  2 

63.iO 
63.50 
03.50 

MimauUr; 
58.60 
53.00 
61.75 

laoo 

Do 

10.50 

Do 

11.75 

Average  compression,  10.8  millimeterB  (0.43  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1910). 


May  26. 
Do. 
Do. 


Volume  of  bore  hole. 

Kxpansfon 

or  bore 

hola. 

Before 
shot. 

After 
shot. 

Cuhkcemti- 

nuUrt, 

63 

63 

63 

212 
209 

208 

mdert. 
140 
146 
145 

Tempera- 
ture of 
block. 


»C. 


15 
15 
15 


Average  expansion  of  bore  hole,  147  cubic  centimeters  (8.97  cubic  inches). 


BESULX6  OF  XBSX8. 
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TXJNIVBLITB  MO.  8. 

Explosive,  Tunnelite  No.  8. 

Glaas  4,  nitroglycerin. 

Mamitetured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  200  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.00. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  17,  1909. 

Unit  swing  on  this  date,  2.75  inches. 

Weight  of  charge,  grams,  810,    810,    310. 

Swing,  in  inches,  2.60,    2.62,    2.67. 

Average  swing,  in  inches,  2.63. 

2.63:2.75::  310:  (324). 
Therefore  the  uait  deflective  chaige  of  Tunnelite  No.  8  is  324  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


Tm  1. 

Aug.  23 

Do.... 

Do.... 

Do.... 

Do.... 
Aug.  34... 

Do 

Do.... 

Do..,. 

Do.... 

Test  3. 

Aug.M... 
Do.... 
Do.,.. 


Weteht 

Methane 
and 

diaige. 

ethane. 

Qmm$. 

Percent, 

334 

8.39 

334 

8.37 

334 

8.fi0 

334 

8.36 

334 

&64 

334 

8.03 

334 

8.40 

334 

8.38 

334 

8.30 

334 

8.M 

334 
834 
334 

Result. 


Nokpltlom, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  kmition. 
Do. 
Do. 


Date  (1909). 


TB8T3— Oon 

Aug.  34 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  13 

Aug.  14 

Do 

Do 

Do 


Weteht 

Ifethaae 
and 

charge. 

ethane. 

Ommt. 

PereetU, 

334 
334 
334 
334 
324 
334 
334 

afSO 

4.16 

0680 

4. 35 

•  680 

4. 35 

0680 

4.16 

4680 

4.86 

BfllHlt. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 


famit 

Do. 

Do. 

Do. 

Do. 


a  680  grams  or  more  was  used. 
Rate  or  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1010). 


Distance 

between 

fptrlcpolnta 


June  6. 
Do 
Do 


MrnhneUre. 
17.23 
18.06 
17.40 


Peripheral 

speed  of  drum 

per  second. 


Meter*. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meien. 
3.496 
3.383 
3»469 


Average  rate  of  detonation,  2,446  meters  (8,020  feet)  per  second. 
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TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 


Flamm  TBfiPT. 

Peripheral  speed  of  film,  20  meten  per  second. 


Date  (1910). 

Height  of. 
photograph. 

Height  of 
flame. 

Duration 

Doiatioiior 
flame. 

Apr.  12 

MilUmeters. 
16.00 
15.60 
31.76 

Inchet. 
20.31 
19.58 
27.47 

Miaimeters. 
0.75 
6.50 
11.75 

MtlUseeonds. 
0.488 

Do:::::.::::.. :.:.::...:.::::::.::::: 

.325 

Do 

.588 

Average  height  of  flame,  22.42  inches. 
Average  duration  of  flame,  0.467  millisecond. 


Impact  Tbst. 


Date,  May  6,  1910. 


Distance  of 
flttU. 

Nnmberof 
trials. 

Result. 

Diitaneeof 
f&U. 

Number  of 
trials. 

Result. 

OtnUmtUn, 
13 
14 
13 
13 
11 

1 
1 
1 
1 
2 

No  explosion. 

Do. 
No  explosion. 

Centimeter*. 

11 

10 

10 

9 

8 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  8  centimeters 
(3.15  inches). 

Explo8Ion-by-Influbncb  Test. 
Weight  of  each  cartridge,  172  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separathig 
cartridges. 

Result,  upper 
cartridge. 

Dec.  5 

Do 

Do 

Inehet. 

15 
17 
18 

Exploded. 

Do. 
Did  not  explode. 

Dec.  5 

Do 

18 
18 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  18  inches. 

Thborbtical  Maximum  Prbssurb  Dbvblopbd  in  Own  Volume,  as  Dbtbrminbo 

BT  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter»l  kilogram  per  square  centimeter. 


Date  (1913). 

(^large.o 

Specific 
gravity. 

Feb.  4 

Orame. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 

Do 

Do 

Do 

Do 

Feb.  13 

Feb. 4 

Feb.  5 

Do 

1 

Height  of 

Pressure 
per  square 
centimeter. 

Cooling 

Average 
pressure 

curve. 

* 

surface. 

per  square 
centimeter. 

muimeUrs, 

KiU>gram». 

KiloQmnu, 

20.35 

63.28 

A 

30.00 

62.50 

A 

62.50 

19.75 

81.72 

A 

18.75 

56.50 

B 

19.25 

00.16 

B 

59.64 

19.25 

60.16 

B        i 

1M.50 

r)7.«l 

C        1 

19. 2f. 

60.16 

^ 

50.12 

19.00 

m.  .38 

c 

•  Including  12  grams  of  the  original  wrapper. 
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P»1.911A+0.5B-1.411G«-6(».^  kilogxWM  PW  WHW^  centimeter. 

V»15,000  cubic  centimeters.        S«1.07.        W»212  grams. 

VPS 
Ma-.»r-.s4,985  kilograms  per  square  centimeter  (70,900  pounds  per  square  inch). 

Productts  of  Combustion  from  200  Grams  of  thb  Ezflosivis  and  14  G^aub  of 

THE  Original  W^affeb. 


Date,  June  17,  1910. 
SoUd •. 


(Analyst,  A.  L.  Hyde.] 


Grams. 

78. 5 

Liquid  (water) 16. 0 

Gaseous 116.4 

Large  Cax«obi«8  DjsvsLOiFitD  by  1  Kimugbam  of  tub  £:u'i,Qaivf. 
Charge,  106.0  grains.^* 


Date  (1913). 


Jan.  18. 
Do. 

Jan.  20. 


Weight 
of  water. 


81.05 
81.06 


Rise  In 

tempenft- 

ture. 


•C. 
0.790 
.803 
.768 


Heat  de^el- 
OTedper 
lUiogram. 


Oilorkf. 


.8 
700.2 
660.3 


•  Including  6  grams  of  the  original  wrapper. 
AveiBge  li^rge  calories  per  kilopeam  of  explosive,  686.1. 


Compression  of  Small  Lead  Blooks. 


Charge,  100  gnuna. 


Dat«  (1910). 

« 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jtin»  2_ 

63.60 
63.60 
63.50 

MOUmdert. 
53.60 
53.25 
53.50 

MUUmden. 
10.00 

Do 

10.25 

Do 

10.00 

Avenge  compression,  10.1  millimeters  (0.40  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaige,  10  grams. 


Date  (1910). 


Do. 


Volume  of  bore  hola. 

Expansion 

of  bore 

hole. 

Before 
shot. 

After 
shot. 

mder*. 
63 
63 
63 

CttMccffKi- 
vMters, 
188 
199 
199 

CuMeeetUi- 

meters. 

126 

136 

136 

Tempera- 
ture of 
block. 


*C. 


Average  expaneipn,  ol  bote  hole,.  132  cubic  centimeier^  {^.0^  cubic  inckeci). 
91853**— Bull.  66--'13 18 


16 
16 
16 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


TT7NNELITB  NO.  8-L.  F. 

Explosive,  Tunnelite  No.  8-L.  F. 

Glass  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  218  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.05. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  granular  and  fibrous,  coarse,  dry,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  13,  1909. 

Unit  swing  on  this  date,  3.14  inches. 

Weight  of  chaige,  in  grams,  320,     320,     320. 

Swing,  in  inches,  3.18,     3.10,     3.08. 

Average  swing,  in  inches,  3.12. 

3.12  :  3.14  : :  320  :  (322). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  8-L.  F.  is  322  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date(190»-10). 

Weteht 
chaiige. 

Methane 

and 
ethane. 

Result. 

Date  (1010). 

We^t 
charge. 

Methane 

and 
ethane. 

Remit. 

Test  1. 
Dec.  21 

Oram*. 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 

322 
322 
322 

Percent. 
7.98 
8.32 
8.32 
8.32 
8.16 
7.08 
7.81 
7.81 
7.81 
7.81 

No  tenition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Nolsnitkui. 
Do! 

Test  3— Con. 

Jan.  26 

Jan.  27 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan.  20 

Do 

Do 

Do 

Do 

Orams. 
322 
322 
322 
322 
323 
322 
322 

0680 
0680 
0680 
0680 
oARO 

PereeiU. 

No  ignition. 
Iio. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  26 

4.23 

4.14 
3.03 
3.03 
4.14 

No  kmitlon. 

Do. 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  iised. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1900). 

Distance 

between 

spark  points. 

Periplwral 
speed  of  dmm 

Rate  of 
detooatlcm 
per  second. 

Dec.  17 

MUUmetere. 
16.65 
15.96 
16.03 

Mdtn, 
43.0 
43.0 
48.0 

Meure, 

s^aoB 

Dec.  18 

2.  am 

Do ^.... 

2.ffit2 

Average  rate  of  detonation,  2,668  meters  (8,720  feet)  per  second. 
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Flamr  Tb8T. 
Peripheral  speed  of  film*  20  meters  per  second. 


Date  (1910). 


Sept.  26 

Sept.  29 

Do. 


Height  of 
photogreph. 


MUUmetere. 

11.00 

9.75 

13.00 


Height  of 
flune. 


Inchet. 
13.89 
12.32 
16.42 


Duration 
distance. 


Mmmeten. 
5.00 
5.75 
6.00 


Duration  of 
flame. 


MUUteamdt, 
0.250 
.288 
.300 


Average  height  of  flame,  14.21  inches. 
Average  duration  of  flame,  0.279  millisecond. 


Date,  June  29,  1910. 


Impact  Test. 


Distanoeof 
blL 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Oentimetere. 
18 
22 
20 
19 
18 
18 
17 

1 
1 
1 
1 
2 
1 
1 

No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

Centimeters, 
17 
16 
15 
15 
14 
13 

5 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  mi^-yinnim  height  at  which  no  explosion  occurs  established  at  13  centimeters 
(5.12  inches). 

£xplo8ion-bt-Influencb  Test. 

Weight  of  each  cartridge,  169  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartndge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge.- 

Nov.20 

Nov.21 

Do 

Do 

Inches. 

3 
4 

6 
8 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Nov.21 

Do 

Do 

Inches. 

7 
7 
7 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY  BicBEL  Pressure  Gaoe. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


June  28. 

Do. 

Do. 
Oct.  6.. 

Do. 

Do. 
Oct.  6.. 

Do. 

Do. 


Date  (1910). 


Cniarge.a 

Specific 
gravity. 

Orame, 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

Height  of 
ourve. 


MUUmeUrs. 
26.76 
26.00 
24.75 
23.25 
23.75 
23.50 
23.50 
22.75 
22.50 


Pressure 
per  square 
oentimeter. 


KUogranu. 
64.38 
63.60 
61.88 
68.12 
59.38 
58.76 
58.75 
56.88 
56.25 


Cooling 
surfsoe. 


A 
A 
A 

B 
B 
B 
C 
C 
C 


Average 
pressors 

centimeter. 


MBlograms. 
62.92 


58.75 
57.29 


a  Including  18  grains  of  tbe  original  wrapper. 
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TESTS  OF  P£RMISSIBL£  EXPLOSIVES. 


P=1.911A+0.5B~  1.4110=68.78  kilograiaa  per  square  centimeter. 

V=15,000  cubir  rentimeters.        S=1.05.        W=218  grams. 

VPS 
M=s..^^3s4,969  kilograms  per  square  centimeter  (70,680  pounds  per  square  inch). 

Products  of  Combustion  fkou  200  Grams  of  the  Explosive  and  18  Grams  of 

THE  Original  Wrapper. 


Date,  July  6,  1910. 
Solid 


[Analyst.  A.  L.  Hyde.] 


Oruns. 

73.6 

Liquid  (water) 15. 0 

Gaseous 129. 4 

Laroe  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  108.4  grams.a 


Date  (1910). 


Aug.  24. 

Aug.  25. 

Do. 


Weight 
of  water. 


Kilognnu. 
80.95 
80.95 
80.95 


Riaeln 

t/ettxpetBr 

ton. 


*C 
0.'742 
.757 
.758 


Heat  devel- 
ooedper 


CWofiet. 
625.3 
638.0 
638.9 


« Including  8.4  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  634.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  gramse 


Height. 

Date  (1910). 

Before 
expansion. 

After 
expansion. 

Compreaslon. 

July  9  

63.50 
63.50 
63..S0 

54.25 
53.75 
54.00 

0.25 

^Dt;::.:. .....: 

9.75 

Do 

0.50 

Average  compi^osioni  9.5  millimeters  (0.37  ipch). 

Expansion  of  Boris  Hole  op  Trauzl  Lead  Blocks. 

» 

diai^,  10  grams. 


Date  (1910). 

Volugie  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Got.  19 

metert. 
63 

63 
63 

CtcMecmli- 

metert, 

200 

200 

200 

CubheenU- 
inden, 
137 
137 
137 

15 

Do 

16 

Do - - 

16 

Average  expansion  of  bore  hole,  137  cubic  centimeters  (8.36  cubic  inches). 
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RE8irL.TS  OF  TESTS  WITH   SIX  FOREIGN  EXPLOSIVES. 

The  methods  followed  at  all  stations  that  are  testing  coal-mming 
explosives  were  devised  so  as  to  classify  explosives  with  respect  to 
their  suitalxUity  for  use  in  coal  mines.  The  testing  galleries  in  which 
explodves  are  tested  vary  in  size,  form,  and  material.  Steel  cannon 
in  which  the  charges  of  explosives  are  fired  are  used  at  all  stations 
except  Austria,  the  bore  of  the  cannon  varying  from  40  to  55 
mUlimeters. 

Natural  gas  is  used  at  some  stations  and  artificial  substitutes  at 
others.  The  limit  charge  established  for  a  given  explosive  is  by  no 
means  the  same  at  each  station;  moreover,  in  some  c«ises  there  is  even 
a  marked  dissimilarity  of  results. 

The  use  of  stemming  at  foreign  stations  and  at  the  Pittsburgh  ex- 
periment station  has  be^i  found  to  raise  the  limit  charge  considerably, 
especially  of  the  ammonium  nitrate  class  of  explosives. 

ALr-spacing  inside  the  bore  of  the  cannon,  as  practiced  at  most  of 
the  Continental  stations,  is  said  to  extoid  the  apparent  bord^  line 
of  Sleety.  However,  it  may  be  stated  that  the  results  obtained  with 
different  charging  densities  at  the  Pittsbui^h  experiment  station  do 
not  indicate  that  the  border  line  of  safety  is  necessarily  eixtaDded 
with  low-charging  densities;  on  the  other  hand,  some  explosives  have 
passed  the  test  with  a  charge  of  6S0  grams  when  loaded  with  a 
charging  density  of  1  that  would  not  pass  with  this  amount  when 
loaded  air  spaced. 

It  has  been  shown  by  some  of  the  German  stations  that  some  of 
the  permitted  explosives  were  less  safe  when  tested  in  the  presence 
of  coal  dust  alone.  The  results  obtained  at  the  German  stations  were 
not  always  confirmed  by  the  other  stations  where  pure  artificial  or 
natural  gas  is  used.  This  may  be  explained  by  the  fact  that  the  pit 
gases  used  at  many  of  the  stations  are  not  of  uniform  composition 
and  contain  more  or  less  inert  gases. 

There  is  sometimes  a  small  percentage  of  carbon  dioxide  and  other 
inert  gases  present  in  the  pit  gases  used  abroad,  depending  on  the 
efficiency  and  condition  of  the  scrubbers  at  the  time  the  gases  are 
drawn  through.  Assuming  that  the  percentage  of  these  inert  gases 
is  kept  within  low  limits,  there  may  be  at  times  sufficient  inert  gases 
present  to  have  a  retardative  effect  on  the  ignition.  Tests  made  at 
the  Pittsburgh  experiment  station  indicate  that  a  gas  and  air  mixture 
containing  8.1  per  cent  of  methane  and  ethane,  14.2  per  cent  of 
carbon  dioxide  (COj),  and  77.7  per  cent  of  air  is  practically  non- 
explosive  when  ignition  is  attempted  with  an  electric  igniter  con- 
taining 5  grains  of  black  powder.  It  was  also  found  that  the  ignition 
of  gas  mixtures  containing  11.7  per  cent  carbon  dioxide  is  materially 
retarded  and,  even  when  ignited,  burned  at  a  slow  rate  accompanied 
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with  little  if  any  explosion.  For  this  reason  it  would  be  fair  to 
assume  that  a  gas  mixture  containing  a  small  percentage  of  carbon 
dioxide  or  other  inert  gases  would  be  proportionately  less  sensitive 
than  a  pure  gas  mixture. 

The  results  of  tests  of  the  four  foreign  explosives  reported  in  Bul- 
letin 15  indicated  that  the  natural  gas  used  at  the  Pittsburgh  experi- 
ment station  is  more  sensitive  than  the  pit  gas  used  abroad,  and  that  it 
would  be  necessary  to  reduce  the  percentage  of  gas  in  order  that  the 
results  might  be  comparable  to  those  obtained  abroad.  It  was 
evident  that  gas  and  air  mixtures  containing  about  6  per  cent  of 
methane  and  ethane  were  equivalent  to  the  8  per  cent  mixtures  used 
abroad,  and  further  that  all  explosives  would  be  excluded  if  un- 
tamped  shots  were  fired  in  the  presence  of  air  mixtures  containing  8 
per  cent  of  methane  and  ethane. 

A  conference  of  several  of  the  leading  coal  operators  was  called  at 
the  Pittsburgh  experiment  station,  and  the  consensus  of  opinion  was 
that  a  low  percentage  gas  mixture  with  coal  dust  suspended  in  the  air 
would  more  nearly  represent  the  dangerous  conditions  that  might 
exist  in  a  coal  mine,  and  that  one  of  the  tests,  at  least,  should  be 
made  under  these  conditions  with  unstemmed  shots,  using  a  chai^ 
of  not  less  than  680  grams  (1^  pounds). 

STANDABDIZINO  APPA&ATUS  AND  XCBTHODS. 

The  question  of  standardizing  universal  methods  and  apparatus 
for  testing  coal-mining  explosives  is  still  an  open  one.  It  is  obvious 
that  an  interrelation  of  the  work  of  all  stations  aiming  to  unify  or 
standardize  apparatus  and  methods  of  testing  explosives  would  be 
beneficial  to  all  concerned,  and  it  is  hoped  that  such  will  eventually 
be  the  outcome. 

It  would  seem  that  the  design  in  the  construction  of  all  testing 
apparatus  could  be  established  on  a  uniform  basis.  In  fact,  it  is  the 
tendency  at  present  to  adopt  the  cylindrical  type  of  steel  gallery  and 
steel  cannon  having  a  bore  of  55  millimeters  in  diameter.  The 
unifying  of  test  requirements  does  not  offer  a  ready  solution.  In 
Belgium  the  mines  are  unusually  fiery  and  all  explosives  are  required 
to  pass  a  severe  gas  test.  In  recent  years  explosives  have  been 
tested  in  the  presence  of  coal  dust,  but  the  dust  used  has  a  relatively 
low  percentage  of  volatile  matter  as  compared  with  that  used  in  the 
United  States. 

In  France  great  stress  is  put  on  the  requirements  of  the  gaseous 
products  of  combustion  of  explosives.  The  nitroglycerin  class  of 
explosives  is  practically  eliminated  from  use  in  French  coal  mines. 
When  permissible  explosives  of  this  class  are  properly  used  in  the  coal 
mines  of  the  United  States  in  quantities  less  than  1 J  pounds  per  shot, 
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it  has  been  found  that  the  amount  of  poisonous  gases  produced  is  so 
small  that  it  is  of  little,  if  any,  consequence.  This  is  especially  true 
when  the  ventilation  current  is  brought  directly  to  the  working  face. 
A  testing  gallery  has  recently  been  installed  in  France  for  determining 
the  permissibility  of  explosives,  hence  the  classification  of  explosives 
by  calculating  the  theoretical  temperature  of  explosion  will  no  doubt 
be  discontinued. 

In  England  stenmied  charges  only  are  used  for  determining  the 
permissibility  of  explosives  for  use  in  coal  mines.  This  requirement 
would  not  always  meet  the  conditions  of  mining  in  the  United  States. 
Although  it  is  a  reprehensible  practice,  miners  have  been  known  to  fire 
permissible  explosives  in  a  drill  hole  with  little,  if  any,  stemming. 
For  this  reason  unstemmed  shots  are  one  of  the  requirements  of  the 
Bureau  of  Mines  for  determining  the  permissibility  of  an  explosive. 
It  is  understood  that  the  new  English  testing  station  which  is  now  in 
course  of  construction  will  test  explosives  without  stemming  in  the 
presence  of  inflammable  gas  mixtures. 

Six  foreign  coal-mining  explosives  were  procured  for  comparative 
tests.  The  method  of  conducting  the  tests  was  approximately  the 
same  as  that  employed  at  the  foreign  testing  stations. 

The  results  of  tests  indicate  that  all  of  the  foreign  explosives,  except 
explosive  H,  which  detonated  incompletely,  would  pass  the  Wool- 
wich testS;  but  that  all  would  fail  to  pass  the  Belgian  tests.  Only 
two  of  the  explosives,  namely,  I  and  J,  would  pass  the  test  require- 
ments requisite  for  their  being  placed  on  the  United  States  permis- 
sibl*  list.  In  the  gas  and  dust  gallery  tests  explosive  E  failed  in  test  4 ; 
explosive  F  was  not  tested,  as  it  failed  to  detonate  completely  in 
Belgian  test;  explosive  6  failed  in  test  4;  and  explosive  H  failed  in 
test  1.  Two  of  these  explosives,  namely,  E  and  F,  also  failed  in 
friction  test. 

The  foreign  explosives,  namely,  E,  6, 1,  and  J,  were  subjected  to  a 
suspended  test,  which  simulates  to  some  extent  the  procedure  fol- 
lowed at  one  of  the  foreign  testing  stations.  The  test  was  made  by 
suspending  in  the  gallery  454  grams  (1  pound)  of  the  explosive,  includ- 
ing the  original  wrapper.  The  charge  was  detonated  in  a  mixture 
of  gas  and  air  containing  4  per  cent  of  gas  (methane  and  ethane)  and 
20  pounds  of  bituminous  coal  dust,  18  pounds  of  which  was  placed  on 
shelves  along  the  sides  of  the  first  20  feet  of  the  gallery,  and  2  pounds 
placed  so  that  it  was  stirred  up  by  an  air  current  in  such  a  manner 
that  all  or  a  part  of  it  would  be  suspended  in  the  first  division  of  the 
gallery.  The  explosive  I  was  the  only  explosive  that  passed  this 
test.  The  explosives  G  and  J  ignited  the  mixture  in  the  first  trial 
and  explosive  E  ignited  the  mixture  once  out  of  two  trials. 
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For  convenience  in  reporting  the  results  of  tests,  the  si*  fotfeign 
explosives  are  here  designated  explosives  E,  F,  G,  H,  I,  and  J, 

Exploeive  E. 

Class,  potassium  chlorate. 

Physical  examination: 

Diameter  of  cartridge,  4.45  cdnlimeters  (1}  incli«B). 

Length  of  cartridge,  12.7  centimeters  (5  inches). 

Average  weight,  249  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gmvity  of  cartridge  by  sand,  1.28. 

Color  of  exploeive,  yellow. 

Consistency,  powdered,  very  fine,  dry,  soft,  slii^hUy  coheaLve. 

Explosive  F. 

Class,  potassium  chlorate. 

Physical  examination: 

Diameter  of  cartridge,  4.45  centimeters  (1}  inches). 

Length  of  cartridge,  14.6  centimeters  (5}  inches). 

Average  weight,  233  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  c&rtrid^  by  Mnd,  IM, 

Color  of  explosive,  corn. 

Consistency,  powdered,  very  fine,  dry,  A>ft,  not  cohesive. 

Explosive  G. 

Class,  ammonium  nitrate,  containing  nitra^ycerin. 

Physical  examination: 

Diameter  of  cartridge,  4.45  centimeters  (1}  inches). 

Length  of  cartridge,  17.1  centimeters  (6}  inches). 

Average  weight,  237  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gmvity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

Explosive  H. 

ClM,  ammonium  nitrate. 

Physical  examination: 

Diameter  of  cartridge,  4.45  centimeters  (1}  inches). 

Length  of  cartridge,  15.5  centimetere  (6t  inches). 

Average  weight,  242  grams. 

Cartridge  had  been  nsdipped. 

Apparent  specific  gravity  of  cartkidge  by  sand,  1 .03. 

Color  of  explosive,  com. 

Confflstency,  granular,  fine,  dry,  hard,  slightly  cohesive. 

Explosive  I. 

Class,  ammonium  nitrate. 

Physical  examination : 

Diameter  of  cartridge,  4.45  centimeters  (1}  inches). 

Length  of  cartridge,  18.4  centimeters  (7}  inches). 

Average  weight,  250  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.86. 

Color  of  explosive,  com. 

Consistency,  powdered,  fine,  dry,  soft,  not  cohesive. 
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Explosive  J. 

Clan,  ammonium  nitrate. 

Physical  examination : 

Diameter  of  cartridge,  4.46  centimeters  (1}  inches). 

Ijength  of  cartridge,  15.2  centimeters  (6  inches). 

Average  weight,  226  grams. 

Gartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.94. 

Color  of  explosive,  com. 

Consistency,  powdered,  fine,  dry,  soft,  not  cohesive. 

Chemical  Analyses. 

Chemical  analyses  of  these  six  samples  resulted  as  follows: 

ttfboaiv^  E. 
(Analyst,  A.  L.  Hyd*.] 

Moisture 0.17 

Dsnitrotolaene 17. 86 

Mononitronaphthalene 1. 30 

Owrtor  oil 6. 32 

Potassium  chlorate 76. 36 

100.00 
Ash,  0.04. 

EXPLOSrVB  F. 

Moisture 4).  10 

Nitrated  rosin W.  63 

Potassium  chlorate 75. 27 

100.00 
Ash,  0.03. 

EXPLOSrVB  o. 

Moisture 0. 62 

Nitroglycerin 8. 13 

Nitrotoluene 3. 67 

Castor  oil 81 

Nitrocellulose 66 

Ammonium  nitrate 82, 11 

Wood  pulp 4. 30 

100.00 
AA,  0.04. 

EXPLOSIVE  H.     . 

Moisture 0. 18 

Ammonium  nitrate 88. 17 

Trinitrotoluene 8. 13 

Mononitionaphthalelie 3. 62 

100.00 
Ash,  0.07. 

EXPLOSIVE  I. 

(Analyst,  C.  Q.  Storm.) 

Moisture 0. 06 

Rosin 6.01 

Ammonium  nitrate 91. 43 

Potassium  nitrate 3. 60 

100.00 
Ash,  0.08. 
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EXPLOSIVE  J. 

Moisture 0. 46 

Trinitrotoluene 4. 82 

Ammonium  nitrate , 90. 50 

Flour 4.23 


Ash,  0.07. 


100.00 


pRODrcTs  OF  Combustion  prom  200  Gramb  of  E.\ch  Explosive. 


{Analyst,  A.  L.  Hyde..] 


Date 
(1912). 

Test  No. 

Oramsof 

original 

wrapper. 

PfoduRts  of  oombostlon. 

Explosive. 

Ctasebus. 

SoUd. 

Liquid 

(watet). 

E 

June  24 
June  26 
July     1 
July    2 
July    8 
July    6 

P877 
P878 
P882 
P888 
P884 
P886 

10 
6 
13 
10 
10 
8 

Granu, 
96.8 
92.5 
121.5 
120.8 
110.5 
106.2 

OmiiM. 

90.2 

94.2 

.0 

1.2 

3.1 

2.1 

Qfmm9. 
10.5 

p 

7.2 

0 

70.0 

H 

71.0 

I 

80.5 

J 

81.0 

Gaseous  Products  of  Combustion,  Pbrcbntaoe  by  Volume. 


Explosive. 


K 

F. 
O 
H 
I. 
J. 


Date 
(1912). 

Test 
No. 

H^. 

COf 

CO. 

0^ 

H,. 

CH<. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

June  24 

P877 

0.0 

34.1 

41.5 

0.0 

15.6 

0.5 

June  26 

P878 

.0 

23.4 

47.4 

.0 

23.9 

.6 

July     1 

P882 

.0 

28.7 

5.9 

.0 

11.0 

.8 

July    2 

P883 

.0 

27.4 

5.5 

.0 

9.1 

.7 

July    3 

P884 

.0 

25.5 

3.0 

.0 

9.6 

1.1 

July    6 

P886 

.0 

30.0 

.0 

.1 

.0 

.2 

N^ 


Percent. 
8.S 
4.7 
53.6 
67.3 
60.8 
69.7 


Solid  Products  of  Combustion,  Percentage  bt  Weight. 


Explosive. 

Date 
(1912). 

Test  No. 

Products  of  oom- 
bustion. 

Soluble. 

InaolubleL 

E ' 

June  24 
June  25 

P877 
P878 

Percent. 
90.43 
89.60 

Percent, 
0.57 

F 

10.40 

BBSULTS  OP  TESTS  WITH  SIX  POBBIGN  BXPL08IVBS. 
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Large  Calories  Developed  bt  1  Kilogram  of  the  Explosive. 


Explosive. 


E 

P. 

G 

H 

I. 

J. 


Date 
(1912). 

Gharge.a 

Test  No. 

GFramt. 

Jaly  10 

106 

C580 

11 

106 

C581 

11 

105 

C582 

13 

103 

0686 

13 

103 

0686 

16 

103 

0687 

16 

106.6 

0688 

16 

106.5 

0  691 

17 

106.5 

0692 

17 

106.0 

0603 

17 

106.0 

0694 

17 

106.0 

0696 

18 

106.0 

0696 

18 

106.0 

0697 

19 

1010 

0698 

19 

104.0 

0699 

19 

104.0 

O600 

Weight 
of  water. 


KUogratw 
81.96  I 
81.05 
81.95  ! 

81.96 
81.05 
81.96 

81.96 
81.96 
81.95 

\^ 

81.96 
81.96 
81.96 

81.96 
e  81.96 
«  81.96 


Rise  in 
n&pen 
ture. 


•C. 
1.234 
1.176 
1.200 

.966 
.967 
.966 

1.300 
1.363 
1.360 


^\ 


1.371 
1.408 
1.864 

1.489 
1.221 
1.240 


Heat  de- 
veloped 
perkilo- 
gram. 


CaloHet. 
1,080.7 
1,089.0 
1,066.7 

868.5 
860.4 
887.7 

1,133.2 
1,188.6 
1,186.9 


^] 


1,212.7 
1,246.6 
1,197.6 

1,285.6 
1,089.4 
1,100.6 


Average 
heat  de- 
veloped 
perkHo- 
grani. 


Coloriet. 
066.1 


I 


(■ 


1,218.6 


a  Oharge  consiste  of  100  grama  of  the  explosive  ingredient  plus  the  proportionate  amount  of  the  original 


b  Owing  to  erratio  results  obtained,  results  of  tests  not  reported,  incomplete  detonation,  nitrogen  oxides 
evolved, 
e  InauniAete  detonation— nitrogen  oxides  evolved. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Explosive. 

Date 
(1912). 

Test  No. 

Height 

before 

explosion. 

HelgSit 

after 

explosion. 

Com- 
piesslon. 

E 

June  18 
18 

18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

B856 
B850 
B867 

B868 
B869 
B860 

B862 
B863 
B804 

B8S5 
B868 
B889 

B870 
B871 
B872 

B873 
B874 
B875 

MUUmeten, 
63.60 
63.25 
63.26 

63.25 
63.60 
63.26 

63.60 
63.25 
63.25 

63.26 
63.25 
63.26 

63.26 
63.26 
63.60 

63.25 
63.25 
63.26 

45.60 
45.25 
46.00 

43.76 
44.26 
44.00 

44.00 
44.60 
44.00 

40.76 
40.00 
40.00 

44.25 
44.00 
44.25 

44.00 
44.00 
48.60 

Mimmetert. 
18.00 

F 

18.00 
18.26 

19.60 

G 

19.25 
19.26 

19.60 

H 

18.76 
19.26 

10.60 

I 

17.26 
17.26 

19.00 

J 

19.25 
19.26 

19.26 

19.26 
19.75 

The  average  compression  is  as  follows: 

Explosive  £,  18.1  millimeters  (0.71  inch). 
Explosive  F,  19.3  millimeters  (0.76  inch). 
Explosive  G,  19.2  millimeters  (0.76  inch). 
Explosive  H,  17.0  millimeters  (0.67  inch). 
Explosive  1, 19.2  millimeters  (0.76  inch). 
Explosive  J,  19.4  millimeters  (0.76  inch). 
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ExpANfenoN  OF  Bons  Hole  of  TftAtrtL  LfeAD  Blocks. 
Charge,  10  grams. 


Exploatve. 

Date 
(1012). 

TtatN«. 

Volume  of 

bore  bole 

before  shot. 

Volume  of 
boreboM 
after  Bbot. 

ExpanaioD 

of  bore 

hole. 

E 

July  90 
2D 

20 
Aug.    1 

July  20 
90 
20 

Juae  15 

U 

JuUr  » 

A887 
A888 
A880 

A802 
A803 
A804 

AHK1 
A882 

A883 

A873 
A874 
A  875 

A877 
A  878 
A  876 

A884 
A885 

A88A 

1 

888  888  888  888  888  8882 

CuUe 

ctntkmdtn. 

278 

268 

277 

260 
261 
200 

357 
363 
353 

820 
338 

843 

288 

206 
274 

308 
8QS 
315 

CteMe 
cttUiMtitn. 
316 

F 

306 
215 

108 

G 

109 
2(17 

2ft5 

H 

30O 
201 

307 

• 

I 

27« 
281 

226 

J 

234 

•  213 

241 

241 

253 

A  In  this  and  other  teatA  explosive  deton&ted  incompletely. 

The  average  expansions  follow: 

Explosive  E,  212  cubic  centimeters  (12.93  cubic  inches). 
Explosive  F,  201  cubic  centimeters  (12.26  cul»c  inches). 
Explosive  G,  295  cubic  centimeters  (18.00  cubic  inches). 
Explosive  H,  275  cubic  centimeters  (16.78  cubic  laches). 
Explosive  J,  245  cubic  centimeters  (14.94  cubic  inches). 

Unit  Dbflvctive  Charge  as  Detxrminbd  by  thb  Ballistic  Pendulum. 


BX^O«lT«. 


Pittsburgh  experiment  station  40  per  cent  stand- 
ard dynamite 

E 

F 

Pittaburgh  experiment  station  40  per  cent  stand- 
ard dynamite 

G 

H 

I 

J 


Date 

(1912). 


June  18 
18 
18 

18 
18 
IS 

18 
18 
18 


17 
17 
17 

17 
17 
17 

17 
17 
17 

17 

\l 

17 
17 
17 


Charge. 


Oramt. 
227 
227 
227 

240 
240 
240 

260 
260 
250 


227 
227 
227 

200 
200 
200 

210 
210 

210 


225 


230 
280 

230 


Swing. 


/neftet. 
3.37 
8.30 
3.28 

3.47 
3.43 
3.41 

3.38 
3.38 
3.33 


3.38 
3.31 
3.36 

3.32 
3.27 
3.28 

3.29 
8.86 
3.31 

i% 

3.21 
3.16 
3.23 


Average 
swing. 


I 


I 


/ncftcs. 
3.32 

3.44 

3.36 

3.35 


3.28 


3.1 


3.37 


3.! 


Unit 

deflective 

charge. 


Oranu. 


232 


247 


227 


204 


212 


224 


241 
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In  order  to  test  the  foreign  Qxplosiye»  at  the  Pitt^biuigh  axperupfint 
station  under  conditions  simulating  the  procedure  followed  at  Wool- 
wich, Ei^and,  it  was  necessary  to  determine  the  standard  Wool- 
wich charge  of  each  explosive.  This  was  computed  from  the  results 
of  ballistic  pendulum  tests  of  the  four  foreign  explosives  reported  in 
Bulletin  15,  Chapter  YIII.  It  was  found  that  the  Woolwich  disrup- 
tive charge  for  an  explosive  was  69  per  cent  of  that  used  at  the  Pitts- 
buigh  experiment  station.  The  foUowii^  tabulation  gives  the  ^nit 
deflective  ehafge  and  the  Woolwich  disruptive  charge  of  the  four 
foreign  explosifves  as  deteraiined  at  the  Pittsbuigh  experiment  station : 


E39>lQ6ive. 

Pittsburgh 

experinMnt 

station 

unit  deflective 

chaige. 

Woolwich 

<i(8cuptive 

charge. 

Peroentage 
Woolnmh 
charge  com- 
pared with 
cnugeosedat 
theAttsboigh 
experiment 
station. 

A 

Oratiu, 

420 
206 
202 

298 

Oranu. 
296 
144 
137 
199 

70 

B 

70 

C 

08 

D 

67 

A^Firage 

flO 

Therefore,  the  Woolwich  disruptive  Qharge  is  69  per  cent  of  the 
charge  used  at  the  Pittsburgh  experiment  station,  and  this  factor 
(0.69)  was  used  in  computing  the  standard  Woolwich  charge  of  the 
six  foreign  explosives  reported  herein. 

In  all  tests  in  gas  and  dust  gallery  No.  1  the  foUowing  electric  detonators  were  used: 
Explosive  E,  electric  detonator  No.  6. 
Explosive  F,  electric  detonator  No.  6. 
Explosive  G,  electric  detonator  No.  6. 
Explosive  H,  electric  detonator  No.  7. 
Explosive  I,  electric  detonator  No.  7. 
Explosive  J,  electric  detonator  No.  7. 

The  Bbloiam  Test  (Modified)  for  Deterhination  of  the  Limit  Charge  in  a 
MixtuRE  OF  Gas  and  Air  Containing  8  per  cent  of  Methane  and  Ethane. 

Limit  charge  is  established  if  five  shots  fail  to  ignite  the  mixture. 


Explosive. 

Date 
(1912). 

Weight 
obairga. 

Methane 

and 
ethane. 

Result. 

E 

June  27 
27 

28 
28 
28 

27 
27 
27 

July     1 

June  28 
28 

29 

26 

Oramt, 
50 
50 
50 
50 
50 

100 
100 
250 

50 

50 
50 

50 

50 

Per  cent. 
7.99 
8.17 
8.09 
7.94 
7.06 

7.91 
8.00 
8.50 

8.03 

7.78 
7.66 

8.02 

8.23 

No  ignition. 

Do. 

Do. 

Do. 
Ignition. 

No  imition.A 
Do.a 

Do.a 

Ignition. 

Noimitlon. 
Ignition. 

Do 

F 

O 

H 

I 

J 

Do 

a  Detonation  inoomplete. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


The  limit  charges  for  this  test  are  eetablished  ae  follows:  Grams. 

Explosive  E 0 

Explosive  G 0 

Explosive  H 0 

Explosive  1 0 

Explosive  J 0 

Woolwich  Tbst  (Modified). 

Five  shots  with  the  standard  (Woolwich)  charge,  in  its  original  wrapper,  shall  be 
fired  with  12  inches  of  clay  stemming  (tamped  by  hand)  at  a  gallery  temperature  of 
77^  F.  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  methane  and  ethane. 
An  explosive  passes  this  test  if  all  five  shots  fail  to  ignite  the  mixture. 


Bzploslye. 

Date 
(1013). 

WdKht 

Metbane 

and 
ethane. 

Resolt. 

Ormu. 

Per  etui. 

E 

Aug.  21 
21 

160 
160 

8.06 
8.06 

NoUmiUQn. 

21 

100 

7.82 

Do. 

21 

100 

8.46 

Do. 

21 

160 

7.02 

Do. 

p 

21 
21 

170 
>170 

8.11 
7.90 

Do. 

Do. 

21 

170 

7.88 

Do. 

21 

170 

7.88 

Do. 

' 

21 

170 

8.34 

Do. 

O 

22 
23 

141 
141 

8.54 
8.40 

Do. 

Do. 

23 

141 

8.25 

Do. 

28 

141 

8.07 

Do. 

23 

141 

7.78 

Do. 

H 

21 
23 

146 
146 

8.11 
8.25 

Do.a 

Do.a 

23 

146 

7.83 

Do.a 

I 

23 
22 

156 

155 

8.00 
8.35 

Do. 

Do. 

22 

155 

8.11 

Do. 

23 

155 

8.39 

Do. 

32 

155 

8.06 

Do. 

J 

22 
22 

106 
166 

8.31 
7.83 

Do. 

Do. 

22 

166 

7.98 

Do. 

33 

166 

8.01 

Do. 

23 

166 

7.96 

Do. 

a  Detonation  Incomplete. 
Explosives  E,  F,  G,  I,  and  J  passed  this  test. 
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WooLWioR  Tb8t  (Modifisd). 

Five  shots  with  three-quarters  of  the  standard  (Woolwich)  chaige,  in  its  original 
wrapper,  shall  be  fired  with  9  inches  of  clay  stemming  (tamped  by  hand)  at  a  gallery 
temperature  of  77^  F.  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  methane 
and  ethane.    An  explosive  passes  this  test  if  all  five  shots  fail  to  ignite  the  mixture. 


Explosive. 

Date 
(1912). 

Weight 
of  charge. 

Methane 

and 
ethane. 

Result. 

E 

Aug.  26 
26 
26 
26 
26 

94 

24 
24 
24 
24 

23 
28 
24 
24 
94 

26 
26 
26 
26 
26 

23 
23 
23 
23 
23 

Omnu, 
120 
120 
120 
120 
120 

128 
128 
128 
128 
128 

*  106 
106 
106 
106 
106 

116 
116 
116 
116 
116 

114 
124 
114 
124 
124 

Percent. 
8.25 
7.03 
7.90 
7.83 
8.11 

7.84 
7.77 
8.01 
8.08 
8.23 

7.T9 
7.96 
8.38 
7.82 
7.90 

• 

7.76 
8.60 
8.20 
8.44 
8.04 

7.83 
7.79 
8.11 
7.79 
7.80 

NotaUtion. 
Do. 
Do. 
Do. 
Do. 

Do 

F 

\ 

0 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Tin 

H  (this  test  was  not  made  on  this  explosive,  as  It  failed 
to  detonate  completely  in  previoiis  test  with  12  inches 
ofstonming). 

I 

J 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Explosives  E,  F,  G^  I,  and  J  passed  this  test. 
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TE8T8  OV  PSRMISSIBLE  SXFLOSIVES. 


T^tl. 


Explosive. 

Date 

(1912). 

Weight 
of  charge. 

MetllMie 

and 
etbane. 

Result. 

Onmt, 

Percent. 

E ! 

June  19 
19 

232 
232 

8.39 
8.23 

NoinitiQa. 

19 

232 

8.30 

Do! 

19 

232 

8.29 

Do. 

19 

232 

8.27 

Do. 

19 

232 

8.31 

Do. 

19 

232 

8.00 

Do. 

20 

232 

7.91 

Do. 

20 

232 

7.94 

Do. 

20 

232 

8.33 

Do. 

r J 

20 
20 

247 

247 

7.88 
7.94 

Do. 

Do. 

20 

247 

8.30 

Do. 

20 

247 

8.43 

Do. 

20 

247 

8.38 

Do. 

20 

247 

8.80 

Do. 

20 

247 

7.87 

Do. 

20 

247 

8.29 

Do. 

20 

247 

8.46 

Do. 

20 

247 

7.99 

Do. 

o 

2i 

294 

204 

n 

Do. 

■ 

3:: 

24 

204 

8.16 

24 

204 

8.12 

Do. 

24 

204 

8.19 

Do. 

24 

204 

8.39 

Do. 

24 

204 

8.12 

Do. 

24 

204 

8.08 

Do. 

24 

204 

7.90 

Do. 

24 

204 

8.33 

Do. 

H 

24 
24 

212 
212 

7.92 
8.14 

Do. 

Do. 

25 

212 

1 

8.07 

Ignition. 

I - 

21 

224 

8.01 

No  imitlon. 

21 

224 

8.12 

i 

Si 

8:iS 

i. 

22 

224 

8.04 

Do. 

22 

224 

8.31 

Do. 

22 

224 

8.00 

Do. 

22 

224 

8.30 

Do. 

22 

224 

7.98 

Do. 

22 

224 

8.28 

Do. 

J 

20 
21 

241 
241 

8.02 
8.00 

Do. 

Do. 

21 

241 

8.06 

Do. 

21 

241 

8.20 

Do. 

21 

241 

7.90 

Do. 

21 

241 

8.26 

Do. 

21 

241 

8.38 

Do. 

21 

241 

8.06 

Do. 

t 

21 

241 

8.01 

Do. 

21 

241 

8.34 

Do. 

Explosives  E,  F,  G,  I,  and  J  passed  this  test. 
Explosive  H  &iled  to  pass  this  test. 
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Gas  and  Dust  Gallbby  No.  1. 


Testa. 


Explosive. 

Date 
(1913). 

Weight 
ofcharse. 

Result. 

Onmi. 

E 

Aug.  16 
16 

232 
233 

No  Umition. 

16 

233 

Do! 

16 

333 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

p 

20 
30 

247 
247 

Do. 

Do. 

20 

247 

Do. 

30 

247 

Do. 

20 

347 

Do. 

30 

247 

Do. 

20 

247 

Do. 

30 

347 

Do. 

20 

347 

Do. 

30 

347 

Do. 

G 

16 

304 
304 

Do. 

Do. 

304 

Do. 

304 

Do. 

304 

Do. 

304 

Do. 

304 

Do. 

304 

Do. 

304 

Do. 

304 

Do. 

H 

30 
30 

313 
313 

Do. 

Do. 

30 

313 

Do. 

20 

312 

Do. 

20 

212 

Do. 

20 

212 

Do. 

30 

212 

Do. 

30 

212 

Do. 

20 

212 

Do. 

30 

313 

Do. 

I 

17 
17 

224 

224 

Do. 

Do. 

17 

224 

Do. 

17 

224 

Do. 

17 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

, 

19 

224 

Do. 

J 

19 
19 

241 
241 

Do. 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

« 

20 

241 

Do. 

20 

241 

Do. 

Explosives  £,  F,  G,  H,  I,  and  J  passed  this  test. 
91853**— Bull.  66—13 19 
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TESTS  OF   PERMISSIBLE  EXPLOSIVES. 


Gas  and  Dust  Gallery  No.  1. 


Test  4. 


Explosive. 

Date 
(1012). 

Wei^t 

Methane 
and 

Result. 

charge. 

ethane. 

Orams. 

Percent. 

E 

Aug.    8 

500 

4.13 

Ignition. 
No  icnition. 
Tki, 

8 

350 

4.18 

8 

400 

4.12 

0 

450 

4.13 

Do. 

9 

450 

4.10 

Ignition. 
No  ignition. 

1 

9 

400 

3.92 

9 

400 

4.13 

Ignition. 

9 

350 

4.25 

Do. 

9 

300 

4.21 

No  ignlUoo. 

DO. 

9 

300 

4.15 

9 

300 

4.17 

Do. 

9 

300 

4.19 

Do. 

9 

300 

4.14 

Do. 

F(ih]s  test  was  not  run  on  this  explosive,  as  It  failed  to 
detonate  completely  in  pnvious  test  when  stemming 

was  not  used). 

G 

2 
2 

100 
150 

3.89 
3.96 

Da 

Do. 

3 

200 

4.42 

Do. 

3 

250 

3.83 

Do. 

3 

350 

3.92 

Do. 

3 

450 

3.85 

Ignition. 
Noignitloo. 

3 

400 

4.15 

3 

400 

4.00 

Ignition. 
No  ignitioii. 
Do. 

5 

200 

4.14 

5 

350 

4.08 

5 

350 

4.10 

Do. 

6 

350 

4.04 

Ignition. 
No  ignition. 
Do. 

6 

300 

4.03 

6 

300 

4.10 

6 

300 

4.23 

Do. 

6 

300 

4.20 

Do. 

9 

300 

4.16 

Do. 

H  (this  test  not  run,  as  explosive  failed  in  Test  1). 

I 

14 
14 

900 
1,000 

4.34 
4.25 

Do. 

Do. 

J 

8 
8 

350 
450 

4.03 
4.20 

Do. 

Do. 

8 

600 

4.22 

Do. 

8 

700 

4.26 

Do. 

8 

800 

4.05 

Do. 

10 

900 

4.08 

Do. 

10 

1,000 

4.21 

Do. 

For  this  test  the  following  limit  charges  were  est4ibli8hed : 

Grams. 
Explosive  E 300 

Explosive  G 300 

Explosive  I  (the  capacity  of  the  cannon) 1, 000 

Explosive  J  (the  capacity  of  the  cannon) 1, 000 

The  following  limit  charges  were  established  when  the  explosives  were  loaded  air 
spaced.  The  diameter  of  the  bore  of  the  cannon  was  2i  inches  (57  mm.)  and  the 
explosives  were  packed  in  cartridges  having  a  diameter  of  If  inches  (45  nun.),  except 
for  explosive  I,  which  was  packed  in  a  2-inch  (51-mm.)  cartridge. 

Grams. 

Explosive  E 250 

Explosive  G 50 

Explosive  1 800 

Explosive  J 300 
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Kktm  OF  Dbtonaivon. 


Diameter  of  cartridge,  1^  incbas.a 
Electric  detonator,  No.  7. 


ExpkMlve. 


F*. 

G.. 

H.. 
I... 
J... 


Date 
(1912). 


Jnne  27 

27 

24 
26 
26 

26 
26 
26 

21 
21 
21 

26 
26 
26 


Dtatanee 

between 

spark 

points. 


MUUmeUr*. 
16.70 

16.36 

11.36 
11.60 
11.20 

10.80 
10.30 
10.36 

10.60 
10.70 
10.70 

11.16 
11.50 
11.10 


Ptriphoral 

speed  of 

dmm 

pereeoond. 


MeUre. 
43.6 

44.6 

44.6 
45.0 
46.0 

46.0 
46.0 
46.0 

46.0 
46.0 
46.0 

44.6 
46.0 
44.6 


Rate  of 
detonation 
perseooiid. 


MeUre. 
2,771 

2,723 

3,921 
3,879 
4,018 

4,167 
4,369 
4,348 

4,246 
4,306 
4,206 

3,991 
3,918 
4,000 


a  The-exploslv«8  H  and  I  Adled  to  detonate  completely  in  IJ-inch  cartridg«,  therefore  If-lnch  cartridges 


*  Bxptoaive  placed  in  iron  pipe  1|  inofaes  inside  diameter  and  42  inches  long  and  closed  at  both  ends  by 
means  of  tRm  plo^. 

The  average  rates  of  detonation  of  the  explosives  are  as  follows: 
ExplosiTe  G,  3,939  meters  per  second  (12,920  feet  per  second). 
Explosive  H,  4,295  meteis  per  second  (14,090  feet  per  second). 
Explosive  I,  4,219  meters  per  second  (13,840  feet  per  second). 
Explosive  J,  3,971  meters  per  second  (13,020  feet  per  second). 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Explosive. 

Date 
(1912). 

Height  of 
photo- 
graph. 

Height  of 
ilame. 

Duration 
dbtanoe. 

Duration 
of  flame. 

E 

July    2 
2 
2 

2 
2 
2 

3 
3 
3 

3 

6 
6 
9 

5 
5 
5 

MUlimetere. 
9.76 
6.76 
7.25 

10.00 
9.76 
9.50 

9.00 
7.60 
7.60 

(•) 

7.76 
7.00 
7.25 

6.75 
7.00 
7.26 

12.32 
8.53 
9.16 

12.63 
12.32 
12.00 

11.87 
9.47 
9.47 

(•) 

9.79 

8.84 
9.16 

8.63 
8.84 
9.16 

MUlimetere. 
7.00 
2.26 
2.50 

7.26 
6.75 
6.50 

6.50 
6.25 
6.00 

(•) 

2.26 
2.60 
1.76 

6.00 
6.76 
6.00 

MUtt- 
eeeondt, 
0.360 

F 

.112 
.126 

.362 

o 

.288 
.276 

.326 

H 

.262 
.260 

.112 

I 

J 

.126 
.088 

.250 

.288 
.300 

a  Incomplete  detonation. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


The  average  heights  and  durations  of  flame  are  as  follows: 

Explosive  E,  height  10.00  inches;  duration,  0.196  millisecond. 
Explosive  F,  height  12.32  inches;  duration  0.308  millisecond. 
Explosive  G,  height  10.10  inches;  duration  0.279  millisecond. 
Explosive  I,  height  9.26  inches;  duration  0.108  millisecond. 
Explosive  J,  height  8.84  inches;  duration  0.279  millisecond. 

Small  Impact  Test. 


Explosive. 


B. 


F. 


Date 
(1913). 


Distance 
ofbU. 


I 


June  21 
31 
21 
31 
31 
21 

21 
21 
21 
21 
21 
21 
21 
21 
31 
31 

July  8 
8 
8 
8 

9 
9 
9 
9 

June  28 

28 

28 

38 

38 

28 

38 

38 

38 

July    8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 
9 
9 


Cgntimeurt. 
30 
10 
30 
35 
34 
33 

35 
30 
10 
8 
6 
6 
5 
4 
4 
3 

40 
36 
38 
39 

60 
66 
68 
57 

40 
60 
80 
100 
96 
98 
99 
98 
97 
96 
90 
93 
95 
94 
93 
92 
91 
91 
90 
90 
89 
89 
88 
87 
87 
86 
85 
84 
84 
83 
82 
81 
80 
80 
79 
79 
78 
77 
77 
76 

60 

80 

100 


Number 
of  trials. 


Result. 


Explosion. 
No  explosini. 

Do. 
Explosion. 

Do. 
No  explosion. 

Explosion. 

Do. 

Do. 

Do. 

Do. 
No  explosion. 
E^losion. 
No  explosion. 
E^losion. 
No  explosion. 

Explosion. 
No  explosion. 

Do. 

Do. 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

Do. 

Do. 

Do. 
Explosion. 
No  exploskm. 

Do. 
Explosion. 

Do. 

Do. 

Do. 
No  explosioa. 

Do. 
Explosion. 

Do. 

Do. 

Do. 
No  explosion. 
ExpkisicMi. 
No  explosioa. 
Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Do. 

Do. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

Do. 
Do. 
Do. 
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l^e  maximum  heights  that  will  cauae  no  explosion  established  as  follows: 
Explosive  E,  23  centimeters  (9.06  inches). 
Explosive  F,  3  centimeters  (1.18  inches). 
Explosive  G,  39  centimeters  (15.35  inches). 
Explosive  H,  57  centimeters  (22.44  inches). 
Explosive  I,  76  centimeters  (29.92  inches). 
Explosive  J,  100  centimeters  (39.37  inches),  capacity  of  machine. 

Large  Impact  Tbst. 


Explosive. 

Date 
(1912). 

Distance 
of  fall. 

Centimeters. 

150 

60 

20 

10 

100 

30 

20 

10 

100 

60 

20 

40 

100 

200 

160 

180 

170 

160 

500 

800 

200 

100 

120 

110 

600 

400 

200 

160 

100 

Number 
of  trials. 

Amount 
recov- 
ered. 

Result 

E 

July     1 

1 

1 

ICay  31 

31 
31 
31 
June    8 
8 
8 
8 
17 
17 
17 
17 
17 
17 
18 
18 
18 
18 
18 
18 
19 
10 
19 
19 
19 

3 

OratM. 

Explosion. 
Do. 

F 

18 
20 

Do. 
Noexploslofn. 
Explosion. 

Do. 

Do. 
No  explosion. 
ExplMion. 

Do. 
No  explosion. 

Do. 

Do. 

O 

2 
1 
20 
10 
10 
20 
20 
20 
9 
20 
10 
10 
20 

H 

I 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Do. 
Noexploekm. 
Explosion. 
No  explosion. 
Explosion. 

Do. 

Do. 
Noexnlosion. 

J 

8 

9 

20 

12 

20 

8 

0 

90 

20 

Do. 

The  maximum  heights  that  will  cause  no  explosion  established  as  follows: 
Explosive  E,  10  centimeters  (3.94  inches). 
Explosive  F,  10  centimeters  (3.94  inches). 
Explosive  G,  40  centimeters  (15.75  inches). 
Explosive  H,  160  centimeters  (62.99  inches). 
Explosive  I,  110  centimeters  (43.31  inches). 
Explosive  J,  190  centimeters  (74.80  inches). 
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TESTS  OF  PEBMIS8IBLB  EXPL0BIVE8. 


Ezplosion-bt-Ikflusnob  Test. 


EzplOBiVB. 


B, 


F. 


H  (this  t»t  not  made,  as  ezplosive  foiled  to  deto- 
nate completely  in  flame  test). 


Date 

Weight  of 
eeeh 

Distance 

SQMfat- 

(1912). 

cartridge. 

Inrcar- 
Wdges- 

Omm», 

Indut. 

Aug.  36 

306 

4 

» 

306 

1 

» 

306 

3 

27 

306 

2 

37 

206 

8 

27 

206 

8 

27 
27 

167 
150 

3 

28 

150 

1 

28 

150 

2 

28 

150 

8 

28 

150 

8 

29 

138 

3 

29 

138 

1 

29 

138 

3 

29 

138 

3 

29 

138 

3 

28 

151 

3 

28 

151 

1 

28 

151 

3 

28 

151 

3 

28 

151 

3 

28 

151 

3 

RaaiU, 


sasr 


Did  not  explode. 
Exploded. 
Did  not  explode. 
Exploded 
Did  not  explode. 
Do. 

Incomplete  detona- 
tion. 

Did  not  explode. 
Exploded. 

Do. 
Did  not  explode. 

Do. 


bo. 
Enloded. 
Did  not  explode. 

Do. 

Do. 

Do. 
Exploded. 
Dla  not  explode. 
Exploded. 
Did  not  explode. 

Do. 


The  muiimuQL  distance  at  which  no  explosion  occure  established  as  follows: 

Inches. 

Explosive  E 3 

Explosive  G 3 

Explosive  1 2 

Explosive  J 3 


BESULT8  OF  TESTS  WITH  SIX  FOBEIGIT  EXPLOSIVES. 
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Theoretical  Maximum  Pressure  Developed  ;n  Own  Volume,  as  Dbtbbmined 

BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  milUmeter^I  kilogram  per  square  centimeter. 


Explosive. 

Date 
(1912). 

Test 
No. 

Charge.a 

Bpeciflc 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooliog 
surface. 

Average 

pressure 

per  square 

oeotlnietec. 

Grama. 

MHUmeUTt. 

KUoQTams. 

KOoffnfM. 

E 

July    8 
8 

P887 
F888 

210 
210 

1.28 
1.28 

26.00 
26.00 

81.25 
81.25 

A 

7BL96 

8 

P891 

210 

1.28 

24.75 

77.34 

A 

8 

PP  1137 

210 

1.28 

24.25 

75.78 

B 

8 

PP  1139 

210 

1.28 

23.60 

78.44 

B 

74.74 

■ 

9 

PP  1141 

210 

1.28 

24.00 

75.00 

B 

9 

PP  1142 

210 

1.28 

28.50 

73.44 

C 

9 

PP  1143 

210 

1.28 

23.00 

71.88 

C 

72.66 

9 

PP  1144 

210 

1.28 

23.25 

72.66 

C 

F 

10 
10 

P  892 
P894 

206 
206 

1.04 
1.04 

23.00 
23.00 

71.88 
71.88 

A 
A 

71.88 

10 

P  896 

206 

1.04 

23.00 

71.88 

A 

10 

PP  1149 

206 

1.04 

22.25 

09.53 

B 

10 

PP  1161 

206 

1.04 

21.75 

67.97 

B 

68.98 

10 

PP  1152 

206 

1.04 

21.50 

67.19 

B 

9 

PP  1146 

206 

1.04 

21.00 

65.62 

C 

9 

PP  1147 

206 

1.04 

20.50 

64.06 

C 

«i.06 

9 

PP  1148 

206 

1.04 

20.00 

62.50 

C 

O 

11 
11 

P  897 
P  898 

213 
213 

.93 
.93 

38.75 
38.75 

121.09 
121.09 

A 
A 

120.57 

11 

P  899 

213 

.93 

38.26 

119. 5S 

A 

11 

PP  1153 

213 

.93 

35.60 

110.94 

B 

11 

PP1164 

213 

.93 

35.60 

110.94 

B 

110.94 

11 

PP1166 

213 

.93 

35.50 

110.94 

B 

11 

PP1156 

213 

.93 

34.75 

108.59 

C 

11 

PP  1167 

213 

.93 

34.50 

107.81 

C 

107.81 

12 

PP1168 

213 

.93 

34.25 

107.03 

C 

H 

12 
13 

P900 
P  902 

210 
210 

1.03 
1.03 

36.75 
37.00 

114.84 
115.62 

A 
A 

116.86 

13 

P903 

210 

1.03 

37.00 

116.62 

A 

12 

PP  1162 

210 

1.03 

34.50 

107.81 

B 

12 

PP  1164 

210 

1.03 

34.50 

107.81 

B 

106.07 

13 

PP1166 

210 

1.03 

34.75 

108.59 

B 

12 

PP1169 

210 

1.08 

33.00 

103.12 

C 

12 

PP1160 

210 

1.03 

33.60 

104.60 

C 

104.06 

12 

PPU61 

210 

1.08 

34.26 

107.03 

C 

I 

19 
20 

P910 
P911 

210 
210 

.86 
.86 

37.60 
38.00 

117.19 
118. 75 

A 
A 

116.67 

20 

P912 

210 

.86 

36.60 

114.06 

A 

16 

PP  1166 

210 

.86 

32.75 

102.34 

B 

16 

PP  1187 

210 

.86 

32.76 

102.34 

B 

103.12 

16 

PP  1168 

210 

.86 

33.60 

104.60 

B 

16 

PP1169 

210 

.86 

32.25 

100.78 

C 

16 

PP  1170 

210 

.86 

31.25 

97.66 

C 

100.00 

16 

PP  1171 

210 

.86 

32.60 

101.56 

C 

J 

18 
18 

P907 
P908 

208 
206 

.94 
.94 

36.00 
37.00 

112.60 
116.62 

A 
A 

114.84 

18 

P  909 

208 

.94 

37.25 

116.41 

A 

17 

PP  1176 

208 

.94 

32.25 

100.78 

B 

17 

PP  1176 

208 

.94 

33.50 

104.69 

B 

102.60 

17 

PP  1177 

208 

.94 

32.75 

102.34 

B 

17 

PP  1172 

208 

.94 

32.00 

100.00 

C 

17 

PP  1173 

208 

.94 

32.00 

100.00 

C 

100.52 

17 

PP  1174 

208 

.94 

32.60 

101.66 

C 

•  Charge  oonslsts  of  200  grams  of  explosive  ingredient  plus  the  proportionate  amount  of  the  original 
wrapper. 

Computations  for  the  respective  explosives,  established  as  the  result  of  the  above 
tests,  were  as  foUowfl: 

Explosive  E:  P=1.911A+0.5B— 1.4110=87.63  kilograms  per  square  centimeter. 

V-PS 
V=15,000  cubic  centimeters.    S=1.28.    W=210  grams.    M=-^=s8,012   kilograms 

per  square  centimeter  (1^3,960  pounds  per  square  inch). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


ExplodveF:  P=1.911A+0.5B -1.4110=81.09  Idlograinfl  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.    8=1.04.    W=206  grams.    M=^^=6,141   kUograms 

per  square  centimeter  (87,340  pounds  per  square  inch). 

Explosive  G:  P=1.911A+0.5B— 1.4110=133.76  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.    8=0.93.    W=213  grams.    M=-^=8,700   kilogiamfl 

per  square  centimeter  (124,600  pounds  per  square  inch). 

Explosive  H:  P=1.911A+0.5B— 1.4110=126.40  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.    8=1.03.    W=210  grams.    M=-^=9,299  kilograms 

per  square  centimeter  (132,260  pounds  per  square  inch). 

Explosive  I:  P=1.911A +0.53—1.4110=133.42  kilograms  per  square  centimeter. 

VPS 
V= 15,000  cubic  centimeters.    8=0.86.    W=210  grams.    M=-^=8,196   kilograma 

per  square  centimeter  (116,570  pounds  per  square  inch). 

Explosive  J:  P=1.911A +0.53-1.4110=128.93  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.    8=0.94.    W =208  grams.    M=-^^=8,740   kilograma 

per  square  centimeter  (124,310  pounds  per  square  inch). 

Pendulum  Friction  Test. 


Explo- 
sive. 


E 


E 


F. 


O. 


Date 
(1912). 


Mar.  14 


Apr.     4 


Mar.  14 


Apr.     4 


.do 


.do 


.do 


.do 


Test 
No. 


U  211 


U  222 


U  212 


U  223 


U  218 


U  219 


U  220 


U  221 


Charge  on 

grooved 

steel 

plate. 


Oranu. 


Weights 
used. 

Distance 
of&U. 

Kind  of 
shoe. 

Kilogratju. 
20 

Meters. 

Steel.... 

20 

li 

Fiber... 

20 

1* 

Steel.... 

20 

H 

Fiber... 

20 

Ik 

Steel.... 

20 

li 

Steel.... 

20 

n 

Steel.... 

20 

U 

Steel.... 

Result. 


Explosion  in  first  of  10  trials 
(180  swings). 

No  explosion  or  burning  In  10 
trials  (180  swings),  bat  local 
cracking  in  seoona  and  fourth 
trials.a 


Explosion  in  fourth,  fifth, 
enthi  and  ninth  of  10  trials 
(180  swings). 

Explosion  in  eighth  of  10  trials 
(180  swings). 

No  explosion  or  burning  in  10 
trials  (180  swings),  but  local 
cracking  in  third  and  nintb 
trials.a 

No  explosion  or  bumix^  in  10 
trials  (180  swings),  but  k>cal 
cracking  in  sev«nth  trial.a 

No  explosion  or  burning  in  10 
trials  (180  swings),  but  local 
cracking  in  second,  fifth, 
eighth,  and  ninth  trials.^ 

No  explosion  or  bomlng  In  10 
trials  (180  swhigs),  but  local 
craddng  in  first,  fourtii,  sev- 
enth, and  tenth  trials.a 


a  Scarcely  audible. 
Explosives  E  and  F  failed  to  pass  this  test. 


BESULTS  OP  TESTS  WITH   SIX  FOREIGN  EXPLOSIVES. 


291 


Friction  tests  were  made  with  the  six  foreign  explosives  under 
conditions  simulating  those  prevailing  in  England.  Approximately 
10  grams  of  each  explosive  was  spread  |  inch  thick  on  a  wooden 
block  and  struck  10  glancing  blows  with  a  rawhide  mallet.  Sharp 
cracking  occurred  with  explosives  E  and  F  but  no  audible  cracking 
was  noted  when  the  other  explosives  were  tested.  It  is  worthy  of 
note  that  in  no  instance  did  a  complete  explosion  occur,  but  when 
tested  with  the  pendulum  friction  machine  explosives  E  and  F 
detonated  completely. 

UMIT  CHABGE  WITH  VAKIOTTS  GAS  AND  AUt  MlZTimES. 

Tlie  following  tabulations  show  the  lunit  charges  established  with 
the  foreign  explosives  E,  G,  I,  and  J  when  fired  in  the  presence  of 
various  gas  and  air  mixtures.  No  stemming  was  used  in  any  of  the 
tests,  but  tests  were  made  with  different  loading  densities  in  the 
bore  of  the  cannon. 

Limit  Charge  Tests  with  Explosive  £. 

(Chaining  density  of  1.) 
Test  in  gas  mixture  containing  5  per  cent  gas. 


Date  (1912). 


7uly26. 

Do. 

Do. 

Do. 

Do. 

Do. 
July  27. 

Do. 

Do. 
July  29. 


Weteht 

Methane 
and 

charge. 

ethane. 

• 

QravM. 

Percent. 

400 

5.14 

400 

5.11 

600 

6.13 

600 

6.22 

700 

5.23 

SOO 

5.03 

900 

5.11 

1,000 

6.04 

900 

5.16 

800 

6.  Id 

Result. 


No  ignition. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ignition. 

Do. 

Do. 


Date  (1912). 


Jaly29 
Do 

JnlySO 
Do 
Do 

Aug.  1. 
Do 
Do 
Do 


Weight 

Methane 
and 

charge. 

ethane. 

G'raiiM. 

PercenL 

700 

5.06 

750 

5.00 

700 

4.07 

700 

5.01 

600 

4.94 

650 

6.22 

600 

5.07 

600 

5.01 

600 

4.91 

Result. 


No  ignition. 

Icnition. 

NO  ignition. 

Ignition. 

NoignitioQ. 

Ignition. 

No  ignition. 

Do. 

Do. 


Limit  chaiige  established  at  600  grains  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  5  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  6  per  cent  gas. 


Dtkt/t  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result. 

Julyl 

July  10 

Do 

July  12 

July  IS- 

July  15- 

July  16. 

Grama. 
50 
200 
400 
200 
250 
300 
350 

Percent. 
6.04 
5.97 
6.17 
5.95 
6.18 
6.25 
5.93 

No  ignition. 

Do. 
Ignition. 
No  ignition. 

Do. 

Do. 

Do. 

July  16 

Do 

Do 

July  17 

Do 

Do 

Oranu. 
200 
150 
150 
150 
150 
150 

PereerU. 
6.02 
6.00 
6.06 
6.28 
6.25 
6.14 

Ignition. 
NoUmltian. 

Do! 
Do. 
Do. 

Limit  chai^ge  established  at  150  grams  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  6  per  cent  gas  mixture. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
chflfge. 

Methane 

and 
ethane. 

Bflsult. 

Juno  28 

Julyl 

July  2 

GfrnjM. 

100 
50 
50 

Percent. 
6.99 
6.94 
6.82 

lenltion. 
No  ignition. 
Do. 

July  2 

Do 

Do 

Qnnu. 
50 
50 
50 

PereetU, 
7.21 
6.98 

6.97 

• 

No  limftkni. 
Do! 

Limit  charge  established  at  50  grams  for  explosive  E  when  fired  with  a  chaiging 
density  of  1  in  the  presence  of  a  7  per  cent  gas  mixture. 

'     Test  in  gas  mixture  containing  8  per  cent  gas. 


Date  (1912). 

Weteht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Wei£ht 

Methane 

and 
ethane. 

Resolt. 

June  27 

Do 

June  28 

QratM. 
50 
50 
50 

Percent. 
7.99 
8.17 
8.09 

No  ignition. 
Do. 
Do. 

June  28 

Do 

Grams. 
50 
50 

Percent. 
7.94 
7.66 

No  imitli»B. 
IgniUon. 

Limit  charge  established  at  0  gram  for  explosive  £  when  fired  with  a  chai^ging 
density  of  1  in  tlie  presence  of  an  8  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  8^  per  cent  gas. 


Date  (1912). 

Weight 
cfaairge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weteht 
charge. 

Methane 

and 
ethane. 

Reeolt. 

June  27 

Do 

Do 

Qrama. 
200 
150 
100 

Percent. 
8.25 
8.37 
8.85 

Ignition. 
Do. 
Do. 

June  27 

Do 

June  28 

Orams. 
50 
50 
50 

Percent. 
8.45 
8.52 
7.66 

NoignitfoD. 
Ignition. 

Limit  charge  established  at  0  gram  for  explosive  E  when  fired  with  a  chaiging 
density  of  I  in  the  presence  of  an  8^  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  9  per  cent  gas. 


Date  (1912). 

Weieht 
obarige. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Wei£ht 
charge. 

Methane 

and 
ethane. 

Renlt. 

June  27 

Granu. 

61 

Percent. 
8.80 

No  ignition. 

July  18. 

Orams. 
50 

Percent, 
8.99 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date(m2). 

Welffht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Welrfit 
charge. 

Methane 

and 
ethane. 

Resolt. 

July  20 

July  18 

Do 

Orams. 
100 
50 
50 

Percent. 

9.a3 

9.80 
10.09 

Imition. 
No  ignition. 
Do. 

July  22 

July  23 

Do 

Orams. 
50 
50 
50 

Percent. 

10.14 

9.93 

10.14 

No  tenltkm. 
Do. 
Do. 

Limit  charge  established  at  50  grams  for  explosive  E  when  fired  with  a  ehaiging 
density  of  1  in  the  presence  of  a  10  per  cent  gas  mixture. 


RESULTS  OF  TESTS  WITH   SIX  FOREIGN   EXPLOSIVES. 

Lncrr  Charob  Tssts  wirii  Explosive  G. 

(Ohaiging  density  of  1.) 
Test  in  gas  mixture  containing  5  per  cent  gas. 
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Date  (1912). 

Weteht 
ohajqee. 

Methane 

and 
ethane. 

Reaolt. 

Date  (1912). 

Welcht 
oharge. 

Methane 

and 
ethane. 

Rewlt. 

July  24 

Do 

July  25 

Do 

Orrnnu. 

200 

100 

60 

60 

PerunL 
6.19 
4.89 
4.97 
6.10 

Ignition. 
Do. 
NoignltSan. 

July  26 

Do 

Do 

Gnms. 
60 
60 
60 

Percent. 
6.23 
4.84 
6.00 

NohmltiaiL 
Da 

Limit  charge  eetablished  at  50  grams  for  explosive  G  when  fired  with  a  chaiging 
density  of  1  in  the  presence  of  a  5  per  cent  gas  mixture. 

On  July  1,  1912,  a  50-gram  chaige  was  fired  into  a  gas  mixture  containing  6.23  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  chaige  was  established  at  0 
gram  when  fired  with  a  chatging  density  of  1  in  the  presence  of  a  6  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1012). 

Weicbt 
Qhacgi. 

Methane 

and 
ettnoe. 

Result. 

Date  (1912). 

Wei£ht 

Methane 

and 
atlMuie. 

ReauH. 

July  11 

Do 

Oromt, 
50 
100 

Percent. 
6.87 
&76 

No  ignitkui. 
Ignition. 

Jirtyll 

Onmt. 
60 

Percent. 
7.03 

tgnMon. 

Limit  charge  established  at  0  gram  for  explosive  G  when  fired  with  a  chaiging 
density  of  1  in  the  presence  of  a  7  per  cent  gas  mixture. 

On  July  1,  1912,  a  50-gram  chaige  was  fired  into  a  gas  mixture  containing  8.(^  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  chaige  was  estabUshed  at  0 
gram  when  fired  with  a  chaiging  density  of  1  in  the  presence  of  an  8  per  cent  gas 
mixture. 

Test  in  gas  nvixture  containing  8i  per  cent  gas. 


DatB(nU). 

WelEht 
dharge. 

Methane 

and 
ethane. 

Resntt. 

Date  (1912). 

WelEht 
ehargB* 

Methane 

and 
etlMne. 

Reanlt. 

June  26 

Oraimt. 
100 

• 

Percent. 
8.61 

I1IIM26 

Qnme. 
50 

Per  c€m. 
8.42 

Ignition. 

Limit  chaige  established  at  0  gram  for  explosive  G  when  fired  with  a  chaiging 
density  of  1  in  the  presence  of  an  8}  per  cent  gas  mixture. 

On  July  17, 1912,  a  50-gram  chaige  was  fired  into  a  gas  mixture  containing  9.17  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  chaige  was  established  at  0 
gnm  when  fired  with  a  chaiging  density  of  1  in  the  presence  of  a  9  per  cent  gas  mixture. 

On  July  18, 1912,  a  50-gram  chaige  was  fired  into  a  gas  mixture  containing  10.16  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  chaige  was  established  at  0 
gram  when  fired  with  a  chaiging  density  of  1  in  the  presence  of  a  10  per  cent  gas 
mixture. 
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TESTS  OP  PEBMISSIBLB  EXPLOSIVES. 

Limit  Charge  Tests  with  Explosiite  I. 

(Charging  density  of  1.) 
Test  in  gas  mixture  containing  6  per  cent  gas. 


Date  (1912). 

We^t 
ohflJTge. 

Methane 

and 
ethane. 

Result. 

1 
Date  (1912). 

WeiKht 
charge. 

Methane 

and 
ethane. 

Result. 

Julys 

Do 

Do 

Do 

Do 

July9 

Do 

Do 

Qrams. 
60 
100 
150 
150 
200 
250 
300 
350 

Percent. 
6.22 
6.95 
6.30 
6.28 
6.99 
6.29 
6.13 
6.35 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 

July9 

Do 

Do 

Do 

July  23 

July  24 

Do 

Qranu. 
400 
600 
600 
700 
800 
900 
1,000 

Percent. 
5.99 
6.16 
6.26 
6.47 
6.75 
6.04 
6.06 

No  Ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Limit  charge  established  at  1,000  grams  (the  capacity  of  the  cannon)  for  explosive  I 
when  fired  with  a  charging  density  of  1  in  the  presence  of  a  6  x>er  cent  gas  mixture. 

On  July  3, 1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  7.20  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  7  per  cent  gas 
mixture. 

On  June  29, 1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.02  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8  per  cent  gas 
mixture. 

On  June  25,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.72  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8}  per  cent  gas 
mixture. 

On  July  18,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.80  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  9  per  cent  gas 
mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1912). 

Weight 

Methane 

and 
ethane. 

Result 

Date  (1912). 

Weieht 
charge. 

Methane 

and 
ethane. 

Result. 

July  22 

July  28 

Qnme. 
60 
60 

Percent. 
10.25 
10.30 

No  ignition.<> 
Do.tt 

July  23 

Qrame. 
50 

Percent. 
9.86 

No  Ignition. « 

a  Incomplete  detonation;  tests  discontinued. 

Limit  charge  established  at  0  gram  for  explosive  I  when  fired  with  a  charging  den- 
sity of  1  in  the  presence  of  a  10  per  cent  gas  mixture. 

LiMrr  Charge  Tests  wrrH  Explosiye  J. 

(Charging  density  of  1.) 
Test  in  gas  mixture  containing  5  per  cent  gas. 


Date  (1912). 

WelKht 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
chajqge. 

Methane 

and 
ethane. 

Result. 

July  26 

Do 

Do 

Do 

Orame. 
200 
300 
400 
500 

Percent. 

4.85 
4.83 
4.92 
5.04 

No  itmitkm. 

Do! 

Do. 

July  27 

Do 

July  29 

Oramt. 

700 

900 

1,000 

Per  cent. 
5.17 
6.20 
6.10 

NoimitlaiD. 
Do. 

BESULTS  OF   TESTS  WITH   SIX  FOBEIGN   EXPLOSIVES. 
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Limit  charge  established  at  1,000  grams  (the  capacity  of  the  camion)  for  explosive  J 
when  fired  with  a  charging  density  of  1  in  the  presence  of  a  5  per  cent  gas  mixture. 

On  July  6,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  6.24  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  6  per  cent  gas 
mixture. 

Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 

WeiKhf 
charge. 

Methane 

and 
ethane. 

Remit. 

Date  (1912). 

Weieht 
charge. 

Methane 
and 

ethane. 

RflMlt. 

Julys 

Do 

Onmt. 
50 
100 

Percent. 
7.05 
7.09 

No  ignition. 
Ignition. 

Julys 

(hanu. 
60 

Per  cent. 
6.94 

Ignitfon. 

Limit  charge  established  at  0  gram  for  explosive  J  when  fired  with  a  charging  den- 
sity of  1  in  the  presence  of  a  7  per  cent  gas  mixture. 

On  June  26, 1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.23  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8  per  cent  gaa 
mixture. 

Test  in  gas  mixtvre  containing  9  per  cent  gas. 


Date  (1912). 

Weight 
chariee. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weiflfht 
chiunge. 

Methane 

and 
ethane. 

Remit. 

July  17 

Omme. 

Percent. 
9.21 

No  ignition. 

July  17 

(hams. 
60 

Percent. 
S.80 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  J  when  fired  with  a  charging  den- 
sity of  1  in  the  presence  of  a  9  per  cent  gas  mixture. 

On  July  18,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  9.97  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  10  per  cent  gas 
mixture. 

Limit  CHARas  Tk8T8  with  Explosive  E. 

(Charge  air  spaced.) 
Test  in  gas  mixture  containing  5  per  cent  gas. 


Date  (1912). 


July  30 
Do. 
Do 

July  31 
Do 
Do 


Weieht 

Methano 
and 

charge. 

ethane. 

Granu. 

Percent. 

660 

6.  OS 

600 

4.89 

560 

4.89 

400 

6.13 

460 

6.15 

460 

6.09 

Result. 


Ignition. 

Do. 

Do. 
No  ignition. 

Do. 

Do. 


Date  (1912). 


July  31 
Do 
Do 
Do 
Do 


Weicht 

Methane 
and 

chaj^. 

ethane. 

Orama. 

Percent. 

450 

4.86 

400 

6.17 

400 

6.14 

400 

6.12 

400 

5.03 

Result. 


Isnition. 
No  ignition. 

Do. 

Do. 

Do. 


Limit  charge  established  at  400  grams  for  explosive  E  when  fired  air  spaced  in  the 
presence  of  a  5  per  cent  mixture. 
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TESTS  OF  FERMISSIBl£  EXPLOSIVES. 


Test  in 

gas  nUature  ayniaining  6  per  cent  gas 

• 

Date  (1012). 

Weikht 
ohaige. 

Methane 

and 
etiiane. 

Result. 

Date  (1912). 

Weikht 
ohange. 

Metbaae 

and 
etbaat. 

RflBidt. 

July  10 

Do 

July  11 

Do 

Do 

July  12 

Do 

Do 

Do 

Do 

Oranu. 
400 
250 
300 
350 
350 
350 
350 
250 
250 
300 

Percent. 
6.04 
6.14 
6.14 
6.13 
6.21 
6.11 
6.08 
5.91 
6.16 
6.09 

Ingition. 
Noimttioii. 

Do. 

Do. 

Do. 

Do. 
Isnitkm. 
No  ignition. 

Do. 
Ignition. 

July  12 

July  13 

Do 

Do 

Do 

Do 

July  15 

Do 

July  17 

Qrome. 
250 

aoo 

200 
200 
150 
150 
150 
150 
150 

Percent. 
5.92 
6.02 
6.23 
6.09 
.6.14 
6.36 
6.22 
6.37 
6.07 

Ignition. 
Noimition. 

Do. 
Ignition. 
No  ijoiition. 

Do'. 
Do. 
Do. 

Limit  charge  established  at  150  grams  for  explosive  E  when  fired  air  spaced  in  the 
presence  of  a  6  per  cent  gas  mixture. 

Test  in  gas  mioUure  containing  7  per  cent  gas. 


Date  (1012). 

Wetefat 
chuge. 

and 

ethane. 

Remit. 

Date  (1012). 

Wefebt 
charge. 

Methaae 
and 

ethane. 

Raralt. 

July  2 

Do 

Do 

Qranu. 
100 
100 
150 

Percent. 
6.75 
6.83 
6.68 

Nolmitlon. 

Do. 
Ignition. 

July  2 

Do 

Do 

Orams. 
100 
100 
100 

Percent, 
7.13 
7.09 
7.11 

No  ignition. 
Do.* 

Limit  charge  established  at  100  grams  for  explosive  £  when  fired  air  spaced  in  the 
presence  of  a  7  per  cent  gas  mixture. 

On  June  28,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.10 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established 
at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8  per  cent  gas  mixture. 

Test  in  gas  mdxtvre  eontaining  9  per  cent  gas. 


« 

Date  (1912). 

Wej£ht 
cbanBe. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weisht 
ohaige. 

Methane 

and 
ethane. 

Result. 

July  18 

Oranu. 
50 

Percent. 
9.00 

No  Ignition. 

July  18 

Cfravu 
50 

Percent. 
8.06 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  £  when  fired  air  spaced  in  the 
presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixtvre  containing  10  per  cent  gas. 


Date  (1012). 


July  19. 

July  20. 

Do. 

July  22, 


Wf^lfjht 

Methane 
and 

charge. 

ethane. 

Oranu, 

Percent. 

150 

9.63 

100 

9.42 

50 

9.94 

100 

10.22 

Result. 


Ignition. 
Do. 
No  ignition. 
Ignition. 


Date  (1912). 


July  22 
Do 
Do 
Do 


Weight 

Methane 
and 

chai^ 

ethane. 

Ormvu. 

Percent, 

50 

10.06 

50 

10.19 

50 

10.03 

50 

10.21 

Result. 


No  ignltloB. 


ignn 
Do. 
Do. 
Do. 


TJmit  charge  established  at  50  grams  for  explosive  £  when  fired  air  spaced  m  the 
presence  of  a  10  per  cent  gas  mixture. 


BESULTS  OF  TESTS  WITH  SIX  FOBEIGN  EXPLOSIVES. 
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Lmrr  Charge  Tests  vtth  Explostvb  G. 

(Charge  air  spaced.) 
Teat  in  gas  mixture  containing  5  "per  ctnl  gas. 


Date  (1912). 


July  25 
Do 
Do 
Do 
Do 
Do 


Weistat 

Methane 
and 

cbarge. 

ethane. 

Oranu. 

PereeiU. 

100 

4.92 

150 

4.85 

200 

5.10 

150 

5.28 

100 

5.00 

100 

5.14 

Result. 


No  iniition. 

Do. 
Ignition. 

Do. 
No  Ignition. 
Ignition. 


Date  (1912). 


July  25 
Do 
Do 
Do 
Do 


Weight 

Methane 
aqd 

duurge. 

ethane. 

Onvu. 

Percent, 

50 

5.04 

50 

5.19 

50 

4.90 

50 

5.28 

50 

5.11 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


Limit  chai|»e  established  at  50  grams  for  explosive  G  when  fired  air  spaced  in  the 
presence  of  a  5  per  cent  g^  mixture. 

On  July  1,  1912,  a  50^ram  charge  was  fired  ii^to  a  gas  mixture  containing  6.00  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  6  per  cent  gas  mixture. 

On  July  11,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  6.dl  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  7  per  cent  gas  mixture. 

On  July  1,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  7.54  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  an  8  per  cent  gas  mixture. 

On  June  25,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.43 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established 
at  0  gnun  when  fired  ah*  spaced  in  the  presence  of  an  8}  per  cent  gas  mixture. 

On  July  17,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.97  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  9  per  cent  gas  mixture. 

On  July  23,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  9.99  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  10  per  cent  gas  mixture. 

Lmrr  Charge  Tests  With  Explosive  I. 

(Charge  air  spaced.) 

On  July  30,  1912,  a  1,000-gram  charge  was  fired  into  a  gas  mixture  containing  5.05 
[>er  cent  methane  and  ethane.  Result:  No  ignition.  The  limit  charge  was  estab- 
lished at  1,000  grams  (the  capacity  of  the  cannon)  when  fired  air  spaced  in  the  pres- 
ence of  a  6  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 


July  3. 
Do 
Do 
Do 
Do 


WeiKht 

Methane 
and 

charge. 

ethane. 

Oramt. 

Percent. 

50 

6.81 

50 

7.14 

100 

7.02 

200 

6.61 

150 

6.02 

Result. 


No  ignition. 

Do. 

Do. 
lenition. 
No  ignition. 


Date  (1012). 


July  5. 
Do 
Do 
Do 


'  Weight 

Methane 
and 

j  charge. 

ethane. 

OraTM, 

Per  crnt. 

150 

7.(N) 

150 

7.0i5 

loO 

7.23 

loO 

7.04 

Result. 


No  imitton. 
Do. 
Do. 
Do. 


Limit  charge  established  at  150  grams  for  explosive  I  when  fired  air  spaced  in  the 
presence  of  a  7  per  cent  gas  mixture. 


298 


TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Test  in  gat  mixture  containing  8  per  ant  gas. 


Date  (1912). 


Julyl. 
Do. 


Weisht 
chiurge. 


OraiM. 
50 
50 


MethBDfi 

and 
ethane. 


Percent. 
7.83 
8.04 


Remit. 


No  ignition. 
Ignition. 


Limit  charge  established  at  0  gram  for  explosive  I  when  fired  air  spaced  in  the  pres- 
ence of  an  8  per  cent  gas  mixture. 

On  June  26,  1912,  a  50-gram  chaige  was  fired  into  a  gas  mixture  containing  8.58 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  estab- 
lished  at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8^  per  cent  gas  mixture. 

On  July  18,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.93  per 
cent  melJiane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  JO  per  cent  gas. 


Date  (1912). 


July  22. 
July  23. 


Methane 

and 
ethane. 


Percent. 
9.91 

laoo 


Result 


Ignition. 
Do. 


Limit  chaige  established  at  0  gram  for  explosive  I  when  fired  air  spaced  in  the  pres- 
ence of  a  10  per  cent  gas  mixture. 

Ldcit  Charge  Tests  with  Explosive  J. 

((/harge  air  spaced.) 

On  July  30,  1912,  a  1,000-gram  charge  was  fired  into  a  gas  mixture  containing  4.88 
per  cent  methane  and  ethane.  Result:  No  ignition.  The  limit  charge  was  estab- 
lished at  1,000  grams  (the  capacity  of  the  cannon)  when  fired  air  spaced  in  the  pres- 
ence of  a  5  per  cent  gas  mixture. 

TeM  in  gas  mixture  containing  6  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Remit. 

July  6 

Julys 

Do 

Oranu. 

100 

50 

50 

Percent. 
6.15 
6.07 
5.95 

Ignition. 
No  ignition. 
Do. 

Julys 

Do 

Do 

Cfranu. 
50 
50 
50 

Percent. 
6.21 
6.31 
6.14 

No  bmltion. 
Do! 

Limit  charge  established  at  50  grams  for  explosive  J  when  fired  air  spaced  in  the  pres- 
ence of  a  6  per  cent  gas  mixture. 


BBSULTS  OF   TESTS   WITH   SIX   FOBEIUN   EXPLOSIVES. 
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Test  in  gas  mixtwre  containing  7  per  cent  gas 

• 

Date  (1012). 

Weieht 
charge. 

* 

Methane 

and 
ethane. 

1 
Result. 

July  6 

Orams. 

100 

50 

50 

Percent. 
6.81 
6.90 
6.79 

lenltion. 
No  Ignition. 

Do 

Do 

Ignifion. 

Limit  charge  established  at  0  gram  for  explosive  J  when  fired  air  spaced  in  the  pres- 
ence of  a  7  per  cent  gas  mixture. 

On  August  26,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  7.90 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established 
at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8  per  cent  gas  mixture. 

On  June  26,  1912,  a  50>gram  chaige  was  fired  into  a  gas  mixture  containing  8.55 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  chaige  was  estab- 
lished at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8^  per  cent  gas  mixture. 

On  July  17,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  9.01  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1012). 


July  18. 
July  23. 


WeiKht 
charge. 


Methane 

and 
ethane. 


Oramt. 
50 
50 


Per  cent. 

9.72 

10.55 


Kesult. 


Ignition. 
Do. 


Limit  chaige  established  at  0  gram  for  explosive  J  when  fired  air  spaced  in  the  pres- 
ence of  a  10  per  cent  gas  mixture. 

It  is  to  be  noted  that  the  limit  charge  established  with  all  of  the 
foreign  explosives  tested  in  the  presence  of  8,  8i,  and  9  per  cent  gas 
mixtures  is  0  gram,  even  though  the  explosive  was  loaded  with  differ- 
ent charging  densities  (figs.  3^  4,  5,  6). 

When  these  explosives  were  fired  in  the  presence  of  10  per  cent  gas 
the  highest  limit  charge  established  was  50  grains  (explosive  E).  The 
conditions  of  loading  in  the  cannon  were  apparently  not  a  factor  in 
the  limit  charge  established. 

When  the  explosives  were  fired  in  the  presence  of  7  per  cent  gas  the 
limit  chaise  established  was  0  gram  for  explosives  G  and  J.  The  limit 
charge  established  for  explosive  I  was  0  gram  when  loaded  with  a  den- 
sity of  1 ,  and  160  grams  when  loaded  air  spaced.  Explosive  E  also  gave 
a  higher  limit  charge  when  loaded  air  spaced  than  when  loaded  with  a 
density  of  1,  namely,  100  and  50  grams,  respectively. 

When  the  explosives  were  fired  in  the  presence  of  6  per  cent  gas  the 
limit  charge  established  for  explosive  G  was  0  gram,  and  1,000  grains 
for  explosive  I,  the  results  being  the  same  irrespective  of  the  charging 

91853**— Bull.  60—13 20 


300 


TESTS  OF  PEBMISSIBLE  EXPLOSIVES. 
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302  TESTS  OF   PERMISSIBLE  EXPLOSIVES. 

density.  Explosive  J  gave  a  limit  charge  of  50  grains  when  air  spaced , 
and  0  gram  when  loaded  with  a  density  of  1 .  The  limit  charge  estab- 
lished for  explosive  E  was  150  grams  when  loaded  air  spaced  and  also 
when  loaded  with  a  charging  density  of  1. 

When  the  explosives  were  fired  in  the  presence  of  5  per  cent  gas, 
50  grains  was  established  as  the  limit  charge  for  explosive  G,  and  1 ,000 
grams  for  explosive  J.  The  same  results  were  obtained  when  loaded 
with  different  charging  densities.  Six  hundred  grains  was  established 
as  the  limit  charge  for  explosive  E  when  loaded  with  a  density  of  1 ,  and 
400  grams  was  established  when  loaded  air  spaced. 

APPENDIX. 

BT7BBATJ  OF  MINBS  TESTS  OF  BZPIiOSIVES. 

OONDmONS  UNDER  WHICH  EXPLOSIVES  ABE  TESTED. 

The  conditioDfi  under  which  the  Bureau  of  Mines  tests  exploeives  to  determine 
whether  they  shall  be  placed  on  its  list  of  permissible  explosives  are  as  follows: 

1.  The  manufacturer  is  to  deliver  to  the  Bureau  of  Mines,  Fortieth  and  Butler 
Streets,  Pittsbui^h,  Pa.,  three  weeks  prior  to  the  date  set  for  tests,  100  pounds  of  each 
explosive  that  he  desires  to  have  tested.  He  is  to  be  responsible  for  the  care,  handling, 
and  delivery  of  this  material  to  the  experiment  station,  and  he  is  to  have  a  representa- 
tive present  during  the  tests  if  he  so  desires.  In  order  to  avoid  duplication  of  work, 
it  is  requested  that  the  smallest  size  of  cartridge  that  the  manu&cturer  intends  to  place 
on  the  market  be  sent  for  these  tests. 

2.  The  manufacturer  will  be  required  to  pay  fees  for  tests  of  explosives  as  outlined  in 
Schedule  1^  of  the  Bureau  of  l^iines.  This  schedule  may  be  prociu^  from  the 
Director  of  the  Bureau  of  Mines,  Washington,  D.  0. 

3.  No  one  is  to  be  present  at  or  participate  in  these  tests  except  the  necessary  Gov- 
ernment officers  at  the  experiment  station,  their  assistants,  and  the  representative 
of  the  manufacturer  of  the  explosives  to  be  tested. 

4.  The  tests  will  be  made  in  the  order  of  the  receipt  of  the  applications  for  them, 
provided  the  necessary  quantity  of  the  explosive  is  delivered  at  the  testing  station  by 
the  date  set,  of  which  date  due  notice  will  be  given  by  the  Bureau  of  Mines. 

5.  A  list  of  the  explosives  that  pass  certain  requirements  satisfactorily  will  be  fur- 
nished to  State  mine  inspectors  and  will  be  made  public  in  such  other  manner  as  may 
be  considered  desirable. 

6.  The  details  of  results  of  tests  are  to  be  considered  confidential  by  the  manufar- 
turer  and  are  not  to  be  made  public  prior  to  official  publication  by  the  Bureau  of  Minos. 

7.  From  time  to  time  field  samples  of  pemussible  explosives  will  be  collected,  and 
tests  will  be  made  of  these  explosives  as  they  are  supplied  for  use  in  coal  mines  in  the 
various  States.  Field  samples  when  collected  in  original  containers  will  not  only  bo 
retested  for  their  permissibility,  but  the  analysis  of  each  ingredient  of  the  explosive 
must  agree,  within  a  reasonable  variation,  to  the  results  obtained  with  the  original 
sample  submitted  for  tests. 

TEST  BEQUIREMENTS   FOB  PEBMISSIBLE   EXPLOSIVES. 

The  tests  will  be  made  by  the  engineers  of  the  Bureau  of  Mines  in  gas  and  dust 
gallery  No.  1  at  Pittsburgh,  Pa.,  or  in  one  of  its  identical  galleries.  The  charge  of 
explosive  to  be  fired  in  tests  1  and  3  shall  be  equal  in  deflective  power,  as  determine<l 

a  Fees  for  testing  explosives  and  oonditioDS  and  requirements  under  which  explosives  are  tested.  1911. 
6  pp. 
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by  the  ballistic  pendulum,  to  one-half  pound  (227  grams)  of  40  per  cent  nitroglycerin 

dynamite  in  its  original  wrapper,  of  the  following  formula: 

Per  cent. 

Nitroglycerin 40 

Nitrate  of  soda  (sodium  nitrate) 44 

Wood  pulp 15 

Carbonate  of  lime  (calcium  carbonate) 1 

100 

Each  charge  shall  be  fired  with  an  electric  detonator  (exploder  or  cap)  which  will 
completely  detonate  or  explode  the  charge,  as  recommended  by  the  manufacturer. 
The  explosive  must  be  in  such  condition  that  the  chemical  and  physical  tests  do  not 
show  any  unfavorable  results. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  not  chemically  stable,  if  it 
shows  leakage  of  nitroglycerin,  or  if  it  is  in  such  a  condition  that  exudation  of  nitio- 
giycerin  will  occur  in  handling  or  transportation. 

A  680-gram  (IJ-pound)  charge  of  an  explosive  must  not  evolve  158  liters  (5^  cubic 
feet)  or  more  of  poisonous  gases  as  determined  by  gage  tests.  The  poisonous  gases 
that  are  likely  to  be  evolved  on  explosion  are  carbon  monoxide,  hydrogen  sulphide, 
and  nitrogen  oxides. 

Explosives  that  require  a  chaige  of  more  than  680  grams  (1^  pounds)  to  satisfeictorily 
break  down  coal  under  normal  conditions  of  mining  will  be  considered  unsatisfactory. 
The  size  of  the  charge  is  determined  by  tests  with  the  ballistic  pendulum. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  too  sensitive  to  frictional 
impact  (a  glancing  blow) .  Such  sensitiveness  is  determined  by  the  pendulum  friction 
device  when  the  shoe  is  faced  with  fiber. 

In  order  that  the  dust  used  in  tests  3  and  4  may  be  of  the  same  quality,  it  is  always 
taken  from  the  same  mine,  ground  to  the  same  fineness,  and  used  while  still  fresh. 

The  following  are  the  gallery  tests  to  which  are  subjected  the  explosives  that  the 
Bureau  of  Mines  is  asked  to  place  in  the  list  of  permissible  explosives: 

Test  1.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pound  ^  of  clay  stemming,  at  a  gallery  temperature 
of  77^  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas  (methane  and 
ethane).  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  10  shots 
ignites  this  mixture. 

Test  8.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pound  ^  of  clay  stemming,  at  a  gallery  temperature 
of  77^  F.,  into  40  pounds  of  bituminous  coal  dust,  20  pounds  of  which  is  to  be  dis- 
tributed uniformly  on  a  wooden  bench  placed  in  front  of  the  cannon  and  20  pounds 
placed  on  side  shelves  in  sections  4,  5,  and  6.  An  explosive  is  considered  to  have 
passed  the  test  if  no  one  of  the  10  shots  ignites  this  mixture. 

Test  4.  Five  shots  each  with  li-pound  chai^ge,  in  its  original  wrapper,  shall  be 
fired  without  stemming,  at  a.  gallery  temperature  of  77**F.,  into  a  mixture  of  gas  and 
air  containing  4  per  cent  of  gas  (methane  and  ethane)  and  20  pounds  of  bituminous 
coal  dust,  18  pounds  of  which  is  to  be  placed  on  shelves  along  l^e  sides  of  the  first  20 
feet  of  the  gallery  and  2  pounds  to  be  so  placed  that  it  will  be  stirred  up  by  an  air 
current  in  such  manner  that  all  or  part  of  it  will  be  suspended  in  the  first  division  of 
the  gallery.  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  five 
shots  ignites  this  mixture. 

DEFINITION   OP   PERMISSIBLE   EXPLOSIVE. 

An  explosive  is  called  a  permissible  explosive  when  it  is  similar  in  all  respects  to 
the  sample  that  passed  certain  tests  by  the  United  States  Bureau  of  Mines  and  when 
it  is  used  in  accordance  with  the  conditions  prescribed  by  this  bureau. 

a  Two  pounds  of  clay  stemming  are  used  with  slow-burning  explosives. 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Subject  to  the  conditionB  and  provisions  stated  above,  the  following  explosives  are 
classified  as  permissible  explosives: 

Table  1. — Permissible  explosives  tested  prior  to  Mar.  i,  191S. 


Brand. 


MtDA  coal  powder  A 

iEtna  ooal  powder  AA 

^tna  ooal  powder  B 

iBtna  ooal  powder  C- 

Bental  ooai  powder  No.  1-A . 
Bental  coal  powder  No.  2. . . 
B  ituminite  No.l 


Bltomlnite  No.  3 

Bitomlnlte  No.  4 

Bltamlnite  No.6 

Black  Diamond  No.  2-A . 


Black  Diamond  No.  3-A 

Black  Diamond  No.5 

Cameron  mine  powder  No.  1-A , 


Cameron  mine  powder  No.  2-A 

Cameron  mine  powder  No.  2-A,  L.  F . . 

Cameron  mine  powder  No.  3-A 

Carbonite  No.  l 


Carbonlte  No.  2 

Carbonite  No.  3 

Carbonite  No.  4 

Carbonite  No.  6 

Carbonite  No.  6 

CoaliteA 

CoaUteX 

Coalite  No.l 

Coalite  No.  3-D 

CoaUteNo.2-D.L... 
Coalite  No.  2-M,L.F. 

CoaUteNo.»-X 

Coalite  No.  3-XA 

Coalite  No.  »-XB 

Coalite  No.  3-XC 

Coal  Special  No.  1 


Coal  Special  No.  2 

Coal  Special  No.  3-W 

Coal  Special  No.  3-C 

Collier  powder  B.N.  F 

Collier  powder  KN 

ColUer  powder  No.  X 

Collier  powder  X,L.  F 

Collier  powder  No.  2 

Collier  powder  No.  5 

ColUer  powder  No.  5-L.  F 

Collier  powder  No.  5 ,  special . . . 

Collier  powder  No.  6-L.  F 

Comer  No.9 

Collier  powder  No.  11 

CranlteNo.  1 


Class 

desipaar 

tion. 


When  used 
with  detona- 
tors, prefer- 
ably dectric 
detonators,  of 
not  less  e£B- 
dencythaa— 


Class 
Class 
Class 
...do. 
Class 
...do. 


4.. 
la. 
4.. 


CnmiteNo.5 

Detonite  special 

Eureka  No.2 


Fort  Pitt  mine  powder  No.  1 , 

FueWteNo.l 

Fuel-iteNo.2 

FueMte  No.  3 

Olant  A  low-flame  dynamite. 


Oiant  B  low-flame  dynamite. . 
Oiant  C  low-flame  dynamite. . 
Giant  coal-mine  powder  No.  5 . 
Oiant  coal-mine  powder  No.  6 . 
Oiant  coal-mine  powder  No.  7 . 
Giant  coal-mine  powder  No.  8 . 


Class 

...do. 

..  .do. 
Class 
Class 

...do. 
Class 
...do. 


la. 
4.. 


la. 
4.. 


la. 


. .  .do. 
...do. 
Class 
...do. 


..  .do. 
..  .do. 
..  .do. 
...do. 
. . .do. 

Class 
...do. 

Class 

. . .do. 

...do. 
...do. 

Class 
...do. 
...do. 
. .  .do. 

Class 


la. 

i'.. 

•  •  ■ 

la. 


..do. 

. .  .do. 

...do. 

Class 

..do. 

..do. 

. . .do. 

Class 

Class 

...do. 

..do. 

Class 

Class 

...do. 

..do. 


la. 


4.. 
la. 


4.. 
la. 


...do. 
...do. 
Class 

Class 
...do. 
..do. 
Class 
Class 

. . .do. 
..do. 
Class 
Class 
..do. 
..do. 


2. 
4. 


la. 
2.. 


la. 
2.. 


No.6., 

do. 

....do. 
....do. 

do. 

No.  7.. 
No.6.. 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.  .do. 
.  .do. 
...do. 
..do, 
..do. 
, .  .do. 
..do. 
..do. 
..do. 
..do. 
..do. 
..do 
..do. 
..do. 
..do. 


No.  7.. 
—  .do. 
No.  6. . 


.do. 
.do. 
.do, 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


ICanubetorer. 


.Stna  Powder  Co.,  Chicago,  m. 

Do. 

Do. 

Do. 
Independent  Powder  Co.,  JopUn,  Mo. 

Do. 
Jefferson  Powder  Co.,  Bilmingbam, 
Ala. 

Do. 

Do. 

Do. 
niinois  Powder  Maau&otarlng  Co.,  St. 
Louis,  Mo. 

Do. 

Do. 
Cameron  Powder  Manufacturing  Co., 
Emporium,  Pa. 

Do. 

Do. 

Do. 
E.  I.  dn  Pont  de  Nemours  Powder  Co., 
Wilmington,  Del. 

Do. 

Do. 

Do. 

Do. 

Do. 
Potts  Powder  Co.,  New  York,  N.  Y. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Keystone  National  Powder  Co.,  Em- 
porium, Pa. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
G .  R.  MoAbee  Powder  &  Oil  Co. ,  Pitts- 
burs^,  Pa. 

Do. 
The  King  Powder  Co.  ,Cinnimiati,  Ohio. 
Q.  R.  MoAbee  Powder  A  Oil  Co.,  Pltts- 

burdi,  Pa. 
Fort  Pitt  Powder  Co^  Pittsburgh.  Pa. 
Burton  Powder  Co.,  Pittsbuxigli,  Pa. 

Do.  . 

Do. 
Oiant    Powder    Co.    (Cooaolldated), 
Giant,  Cal. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Table  1. — Pemiimblt  explosives  tested  prior  to  Mar.  7,  191S — Continued. 


Brand. 

Class 
designa- 
tion. 

When  used 
with  detona- 
tors, prefer- 
aMy  dectric 
detonators,  of 
not  less  effl- 
ciancjthan— 

MannfMiturer. 

Ofiwdian  A , .         

Class  4.. 

Class  la. 

...do.... 

N0a7 

No.  6 

....  .do ...... 

Independent  Powder  Co.,  Joplln,  Mo. 
Do. 

Omvdifui  No.  2 

^YfMtliBii  No.  3    ,  ,   . . .   

Do. 

Goardlan  coal  powder  B 

Class  4. . 
Class  la. 

Class  15. 

Class  2.. 

...do.... 

ClasB4.. 

No.  7 

do 

No.  8 

No.  6 

•  « •  «  «Uw*  • • • • • 

....  .do. ..... 

Do. 

Hecia  No.  2. . .' 

E.  I.  dn  Pont  de  NemoniB  Powder  Co. . 

TTftpltA  A 

Wilmington,  Del. 
W.  H.  Blumenstein  Chemical  Works. 

Lomite  No.  1 

Pottsyille,  Pa. 
0.  R.  McAbee  Powder  A  Oil  Co.  a  Pitta- 

Meteor  AXXO 

Iffiniultf^  A 

bnrefa,  Pa. 
£.  I.  dtt  Pont  de  Nemoura  Powder  Co., 

Wilmington,  Del. 
Burton  Powder  Co.,  Pittsbuiigli,  Pa. 
Do. 

Mine-ite  A-2 

. . .do. • • • 

do 

do 

....  aUO.  ..... 

do 

....  .do. ..... 

Vin^itf^B 

.. .do.... 

Do. 

Mtaie-ite  B-2 

•  • • do • • • . 

Do. 

Mine-lte  No.  5-D 

Class  la. 
, , .do . • •  • 

Do. 

Monobel  No.  1 

R.  I.  du  Pont  de  Nemoun  Powder  Co.. 

Monobel  No.  2 

. . .do. ... 

do 

Wilmington,  Del. 
Do. 

Monobel  No.  3 

. . .do. ... 

do. 

Do. 

Monobel  No.  4 

• • .do .... 

do 

Do. 

Monobel  No.  6 

. . .do. . . . 

do 

Do. 

Monobel  No.  6 

. . .do.. .. 

do 

Do. 

Monobel  No.  7 

...do.... 

do 

do 

do 

Do. 

Nitro  low-flame  No.  1 

Class  4.. 
..  .do... . 

Nitro  Powder  Co.,  Kingston,  N.  Y. 
Do. 

Niteo  low-flame  No.  2 

Trojan  coal  powder  H 

Trojan  ooal  powder  I 

Tro  an  ooal  powder  J 

Class  3. . 

. . .do.... 
. . .do.. . . 

No.  6 

do 

do 

Pennsylvania    Trojan    Powder    Co., 
Allentown,  Pa. 
Do. 
Do. 

Tnnnellte  B 

Class  la. 

....  .do. ..... 

G.  R.  McAbee  Powder  &  Oil  Co..  Pitts- 

TnpT|«|1t9  f5 . .    , . .                  

. . .do. . .. 

do 

....  .do. • . . . . 

burgh,  Pa. 

TiiTiiMMte  No.  *...... 

Class  4.. 

Do. 

TtmnAlfte  No.  ft. . .  a . .        

...do.... 

do 

do 

....  .do. ..... 

Do. 

TnmiAMte  No.  ft-Ta.  F. ,            ,  ,    .  ,  . 

. . .do. ... 

Do. 

TiiTin^llte  No.  7 

-- .do... . 

Do. 

Timn^lft^  No.  8 

. . .do. ... 

do 

Do. 

TimneUte  No.  8-L.  F 

...do 

do 

Do. 

The  tests  now  prescribed  as  those  a  permissible  explosive  must  have  passed  are 
those  given  on  pages  302-3.  But  even  the  explosives  that  have  passed  those  tests  and 
are  published  as  permissible  explosives  are  to  be  considered  as  permissible  explo- 
sives only  when  used  under  the  following  conditions: 

1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  submitted  by  the 
manufocturer  for  test. 

2.  That  detonators — ^preferably  electric  detonators — are  used  of  not  less  eflBciency 
than  those  prescribed,  namely,  those  consisting  by  weight  of  90  parts  of  mercury 
fulminate  and  10  parts  of  potassium  chlorate  (or  their  equivalents). 

3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in  a  safe  and  suitable 
manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  1}  pounds  (680  grams),  prop- 
erly tamped  with  clay  or  other  noncombustible  stemming. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed  the  above-men- 
tioned tests  and  has  been  published  in  lists  of  permissible  explosives  is  thereafter  to 
be  considered  a  pemussible  explosive,  regardless  of  its  condition  or  the  way  in  which 
it  is  used.  Thus,  for  example,  an  explosive  named  in  the  permissible  list,  if  kept 
in  a  moist  place  until  it  undergoes  a  change  in  character  is  no  longer  to  be  considered 
a  permissible  explosive.  If  used  in  a  frozen  or  partly  frozen  condition,  it  is  not 
when  00  used  a  permissible  explosive.    If  used  in  excess  of  the  quantity  specified 
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(H  pounds),  it  is  not  when  so  used  a  permissible  explosive.  And  when  the  other 
conditions  have  been  met,  it  is  not  a  permissible  explosive  if  fired  with  a  detonator 
of  less  efficiency  than  that  prescribed. 

Moreover,  even  when  all  the  prescribed  conditions  have  been  met,  no  penniasible 
explosive  should  necessarily  be  considered  as  pemumently  being  a  permissible  explo- 
sive, but  any  permissible  explosive  when  used  under  the  prescribed  conditions  may 
properly  continue  to  be  considered  a  permissible  explosive  until  notice  of  its  with- 
drawal or  removal  from  the  list  has  been  officially  published,  or  until  its  name  is 
omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a  permissible  explosive  may  withdraw  it  at 
any  time  when  introducing  a  new  explosive  of  superior  qualities.  And  after  further 
experiments  and  conferences  the  Bureau  of  Mines  may  find  it  advisable  to  adopt 
additional  and  more  severe  tests  to  which  all  permissible  explosives  may  be  sub- 
jected, in  the  hope  that  through  the  use  of  such  explosives  only  as  may  pass  the  more 
severe  tests  the  lives  of  miners  may  be  better  safeguarded. 

CLASSIFICATION   OF   PERMISSIBLE    EXPLOSIVES. 

In  Table  2  the  permissible  explosives  are  arranged  in  four  classes,  the  rate  of  det- 
onation of  each  explosive  being  given. 

Table  2. — Classes  and  rate  of  detonation  of  permissible  explosives. 


Claas  and  brand  of  explosive. 


Class  1.— Ammonium  Nitrate. 
Subelut  a. 


iBtnaooalpowder  AA 

Bental  coaipowder  No.  1-A 

Bental  ooal  powder  No .  2 

Bitumlnite  No.  5 

Black  Diamond  No.  6 

Cameron  mine  powder  No.  1-A 

Cameron  mine  powder  No.  2-A 

Cameron  mine  powder  No.  2- A,  L.  F. 

Coalite  A 

Coalite  X 

Coalite  No.  a-X 

Coalite  No.  »-XA 

CoaUteNo.^XB 

CoaUte  No.  3-XC 

Collier  powder  B.  N.  F 

Collier  powder  KN 

Collier  powder  No.  X 

Collier  powder  X,  L.  F » 

Collier  powder  No.  5 

Collier  powder  No.  5-L.  F 

Collier  powder  No.  5,  special 

CoUierNo.9 

Collier  powder  No.  11 

Cronite  No.  1 

Cronite  No.  6 

Detonite  special 

FueMteNo.3 

Giant  coal-mine  powder  No.  5 

Guardian  No.  2 

Guardian  No.  3 

Hecia  No.  2 

Mlne-ite  No.  fr-D 

Monobel  No.  1 

Monobel  No. 
Monobel  No. 
Monobel  No. 
Monobel  No. 
Monobel  No. 
Monobel  No. 
Tunnelite  B . 
TunnoliteC. 


Rate  of  detonation  in  1^ 
by  8  inch  cartrid^ 


7,880 

7,«0 

4,750 

9,120 

6,020 

10,950 

10,690 

10,950 

8^870 

9,000 

7,200 

10,420 

11,200 

8,320 

10,950 

11,010 

7,820 

9,990 

8,280 

9,370 

8,330 

0,e90 

11,680 

10,100 

8^090 

10,840 

8,500 

10,230 

8,960 

7,660 

13,990 

8,720 

11,700 

9,870 

7,260 

8,980 

6,760 

10,380 

10,060 

9,990 

10,060 


2,408 
2,343 
1,447 
2,782 
1,835 
S,339 

a8,a06 
8,338 
2,705 
2,745 
2,223 
8,176 
3,441 
2,536 
3,338 
3,539 
2,384 
3,047 
2,524 
2,858 
2,541 
2,040 
3,561 
8,198 
2,466 

^3,305 
2,620 
3,118 
2,738 
2,336 
4,264 
2,658 
3,668 
3,000 
2,212 
2,738 
2,061 
3,165 
•  3,065 
3,047 
3,068 


o  l}-inch  cartridges  used. 


b  l|-inch  cartridges  lased. 
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Table  2. — CIobks  and  rate  of  detonation  of  permissible  explosives — Continued. 


Class  and  brand  of  explosive. 


(}LAas  I.— Ammonium  Nitbatie— Continned. 

fifttAc/(M«  b. 


Kanite  A 


Class  2.— Hydrated. 


Eureka  No.  2 

Giant  A  low-flame  dynamite. . 
Giant  B  low-flame  dynamite. . 
Giant  C  low-flame  dynamite. . 
Giant  ooal-mine  powder  No.  6. 
Giant  coal-mine  powder  No.  7. 
Giant  ooal-mine  powder  No.  8. 

LomJte  No.  1 

Meteor  AXXO 


Class  3.— Okoanic  Nithatk  (other  than  Nitrooltcebin). 


Trojan  coal  powder  H. 
Tro,  an  ooal  powder  I. . 
Trojan  ooal  powder  J . , 


Class  4.— Nitroglycerin. 


.£tna  ooal  powder  A 

.£tna  ooal  powder  B 

^tna  coal  powder  C 

Bituminite  No.  1 

BitamJnlte  No.  3 

Bituminite  No.  4 

Black  Diamond  No.  2-A 

Black  Diamond  No.  3-A 

Cameron  mine  powder  No.  3-A. 

Carbonite  No.  f 

Carbonito  No.  2 

Carbonite  No.  3 

Carbonite  No.  4 

Carbonite  No.  6 

Carbonite  No.  6 

CoaUteNo.l 

Coalite  No.  2-D 

Coalite  No.  ^D.  L 

CoaUte  No.  2-M,  L.  F 

Coal  special  No.  1 

Coal  special  No.  2 

Coal  special  No.  2-W 

Coal  special  No.  3-C 

Collier  powder  No.  2 

Collier  powder  No.  <^L.  F 

Fort  Pitt  mine  powder  No.  1 . . . 

Fuel-iteNo.l 

Fuel-iteNo.2 

Guardian  A 

Guardian  coal  powder  B 

Mine-ite  A 

Mine.IteA-2 

Mine-iteB 

Mine-ite  B-2 

Nitro  low-flame  No.  1 

Nitro  low-flame  No.  2 

Tunnelite  No.  5 

Tunnelite  No .  6 

Tunnelite  No.  6-L.  F 

Tunnelite  No.  7 

Tunnelite  No.  8 

Tunndite  No.  8-L.  F 


Rate  of  detonation  in  1{ 
by  8  inch  cartridge. 


Feet  per 
second. 


10,730 


10,720 

8,140 

9,100 

8,860 

11,540 

10,830 

10,830 

13,940 

8,410 


9,420 

9,620 

10,590 


12,620 

9,870 

7,010 

12,800 

9,330 

7,540 

12,600 

11,160 

10,930 

10,950 

11,380 

8,710 

7,670 

10,140 

7,490 

7,930 

8,430 

7,340 

9,220 

11,800 

10,240 

11,590 

9,760 

8,870 

9,660 

11,230 

11,150 

8,240 

10,130 

8,960 

11,290 

10,670 

9,640 

7,410 

13,380 

14,560 

8,400 

9,670 

9,620 

8,720 

8,020 

8,720 


Meters  per 
second. 


0  3,270 


3,260 
2,481 
2,773 
2,702 
3,519 
3,301 
3,301 
4,250 
2,563 


2,872 
2,934 
3,230 


3,848 
3,008 
2,138 
3,901 
2,848 
2,298 
3,842 
3,402 
3,333 
8,338 
3,470 
2,656 
2,339 
3,092 
2,285 
2,418 
2,571 
2,237 
2,811 
3,598 
3,123 
3,534 
2,9n 
2,704 
2,044 
3,424 
3,400 
2,512 
3,089 
2,733 
3,443 
3,252 
2,908 
2,260 
4,079 
4,439 
2,562 
2,947 
2,933 
2,659 
2,446 
2,658 


a  i}-inoh  cartridges  used. 
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PUBLICATIONS    ON     MINE    ACCIDENTS    AND    TESTS    OP 

EXPLOSIVES. 

The  following   Bureau  of  Mines   publications  may    be   obtained 
free  by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. 

Bulletin  10.  The  use  of  permifisible  explosivee,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.    34  pp.,  5  pla.,  4  figs. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
W.  O.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at 
Pittsburgh,  by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp., 
7  pis.,  5  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.  Gl  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Survey  Bulletin 
423. 

Bulletin  20.  The  explosibiiity  of  coal  dust,  by  G.  S.  Rice,  with  chaptero  by 
J.  C.  W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.,  28  figs. 
Reprint  of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas,  by 
G.  A.  Burrell,  1912.    106  pp.,  2  pis.,  21  figs. 

Bulletin  44.  First  national  mine-safety  demonstration,  by  H.  M.  Wilson  and  A.  H. 
Fay,  with  a  chapter  on  the  explosion  at  the  experimental  mine,  by  G.  S.  Rice.  1912. 
75  pp.,  7  pis.,  4  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  motors,  by  H.  H.  Clark.  1912. 
44  pp.,  6  pis.,  14  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  opera- 
tions, by  Clarence  Hall  and  S.  P.  Howell.    1912.    50  pp.,  3  pis.,  7  figs. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  0.  SnelUng  and 
C.  G.  Storm.    1913.    80  pp.,  5  pis.,  5  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric 
lamps,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.    31  pp.,  6  pis.,  2  figs. 

Bulletin  56.  First  series  of  coal-dust  tests  in  the  experimental  mine,  by  G.  S. 
Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.  1913.    115  pp.,  12  pis.,  28  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.    1913.    79  pp.,  10  pis.,  5  figs. 

Bulletin  62.  Record  of  the  national  mine-rescue  and  first-aid  conference,  Pitts- 
burgh, Pa.,  September  23-26,  1912,  by  H.  M.  Wilson.    1913.    74  pp. 

Bulletin  65.  Oil  and  gas  wells  through  workable  coal  beds;  papers  and  discussions, 
by  G.  S.  Rice,  0.  P.  Hood,  and  others.    1913.    101  pp.,  1  pL,  11  figs. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  purpose  and 
equipment,  by  H.  H.  Clark.    1911.    12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall  and 
S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide  after 
mine  fires  and  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snelling 
and  C.  G.  Storm.    1912.    14  pp.,  1  pi.,  2  figs. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Burrell 
and  F.  M.  Seibert.    1912.    16  pp.,  1  f^. 

Technical  Paper  14.  Apparatus  for  gas-analysis  laboratories  at  coal  mines,  by  G.  A. 
Bunell  and  F.  M.  Seibert.    1913.    24  pp.,  7  fi^. 
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Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.    1912.    20  pp.    11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  nune  electrical  installations,  by  H.  H. 
Clark.     1912.    14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recommenda- 
tions by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint 
of  United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  23.  Ignition  of  gas  by  miniature  electric  lamps,  by  H.  H.  Clark. 
1912.    5  pp. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S.  Rice.  1912.  51 
pp.,  1  fig. 

Technical  Paper  28.  Ignition  of  mine  gas  by  standard  incandescent  lamps,  by 
H.  H.  Clark.    1912.    6  pp. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by  J.  W. 
P&ul.    1912.    16  pp. 

Technical  Paper  40.  Metal-mine  accidents  in  the  United  States  during  the  cal- 
endar year  1911,  compiled  by  A.  H.  Fay.    1913.    54  pp. 

Technical  Paper  44.  Safety  electric  switches  for  mines,  by  H.  H.  Clark.  1913. 
8  pp. 

Technical  Paper  46.  Quarry  accidents  in  the  United  States  during  the  calendar 
year  1911,  compiled  by  A.  H.  Fay.    1913.    32  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps,  by  H.  H.  Clark.    1913.    13  pp. 

Technical  Paper  48.  Coal-mine  accidents  in  the  United  States,  1896-1912,  with 
monthly  statistics  for  1912,  compiled  by  F.  W.  Horton.    1913.    74  pp.    10  figs. 

Technical  Paper  52.  Permissible  explosives  tested  prior  to  March  1, 1913,  by  Clar- 
ence Hall.    1913.    11  pp. 

Miners'  Circular  3.  Coal-duqt  explosions,  by  G.  S.  Rice.    1911.    22  pp. 

Miners*  Circular  4.  The  use  and  care  of  mine-rescue  breathing  apparatus,  by 
J.  W.  Paul.    1911.    24  pp.,  5  figs. 

Miners'  Circular  5.  Electrical  accidents  in  mines;  their  causes  and  prevention, 
by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Haley,  and  H.  F.  Randolph.  1911.  10  pp., 
3  pis. 

Miners'  Circular  6.  Permissible  explosives  tested  prior  to  January  1,  1912,  and 
precautions  to  be  taken  in  their  use,  by  Clarence  Hall.    1912.    20  pp. 

Miners'  Circular  9.  Accidents  from  Mis  of  roof  and  coal,  by  G.  S.  Rice.  1912. 
16  pp. 

Miners'  Circular  10.  Mine  fires  and  how  to  fight  them,  by  J.  W.  Paul.  1912. 
14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M.  Jones. 

1912.  16  pp. 

Miners'  Circular  12.  The  use  and  care  of  miners'  safety  lamps,  by  J.  W.  Pftul. 

1913.  16  pp.,  4  figs. 

Miners'  Circular  15.  Rules  for  mine-rescue  and  first-aid  field  contests,  by 
J.  W.  Paul.     1913.    12  pp. 


INDEX. 


A.  Page. 

"Adobe  shots,"  precautions  in  firing  of 14 

deflnitfon  of 14 

Aetna  ooal  powder  AA,  tests  of 21-25 

Aetna  coal  powder  C,  tests  of 25-28 

Anunonjum  nitrate  explosives,  characteris- 
tics of 19 

B. 

BalUstic  pendulum,  descriptfon  of 4,5 

results  of  tests  with 278 

nee  of. 11 

Btigian  test  for  limit  cha^e,  results  of 279 

Beatal  coal  powder  No.  1-A,  tests  of 28-81 

Bental  coal  powder  No.  2,  tests  of 31-33 

Bichel  pressure  gage,  method  of  testing  ex- 
plosives in 9, 10 

results  of  tests  in 24,27, 

30,  33,  35,  38,  41,  44,47,  50,  53,  56,  59,62,65,68, 
71,  74,  77,80,  83,  86,  89,  92,95,  98, 101,104, 107, 
110, 113, 116, 119, 122, 125, 128, 131, 134, 137, 140, 
143, 146, 149, 152, 155, 158, 161, 164, 167, 170, 173, 
176, 179, 182, 185, 188, 191, 194, 197,200,203,206, 
209, 212, 215,  218, 221, 224, 227, 230, 233, 236, 239 
242,245,248,251,254,  267,  260,  263,266,260,289 

use  of. 6 

Bitomfnite No.  l,te6lAof 34-36 

Bituminite  No.  3,  tests  of. 37-39 

Bituminite  No.  4,  tests  of. 40-42 

Bituminite  No.  5,  tests  of. 43-45 

Btack  Diamond  No.  2-A,  tests  of 46-48 

Black  Diamond  No.  3-A,  tests  of 49-51 

Black  Diamond  No.  5,  tests  of 52-54 

Braddock,  H.  F.,  work  of 1 

Bureau  of  Mines,  tests  of  explosives  by 302 

C. 

Calorimeter,  description  of 7 

use  of 7,12 

Cameron  mine  powder  No.  1-A,  tests  of. 54-^57 

Cameron  mine  powder  No.  2-A,  t^sts  of. 57-60 

Cameron  mine  powder  No.  2-A ,  L.  F. ,  tests  of  60-63 

Cameron  mine  powder  No.  3-A,  tests  of 63-66 

Carbonite  No.  4,  tests  of 66-69 

Carbonite  No.  5,  tests  of 69-72 

Carbonite  No.  6,  tests  of 72-75 

Coalite  A ,  tests  of 75-78 

Coalite  X,  tests  of 78-«l 

CbaliteNo.  3-D.  L.,  tests  of 81-84 

Ooalite  No.  2-lf ,  L.  F. ,  tests  of 84-87 

Coalite  No.  3-X,  tests  of 87-90 

Coalite  No.  3-XA,  tests  of 90-93 

Ooalite  No.  3-XB,  tests  of 93-96 

Ooallto  No.  3-XC,  tests  of. 9&-99 


Page. 

Coal  special  No.  2-W ,  tests  of. 99-102 

Coal  special  No.  3-C,  tests  of. 108, 105 

Coates,  A.  B.,  work  of 1 

Collier  powder  B,  N.  F.,  tests  of 106-108 

Collier  powder  KN,  tests  of 108-111 

Collier  powder  No.  X,  tests  of 111-114 

Collier  powder  X,  L.  F.,  tests  of 114-117 

CoUier  powder  No.  5-L.  F.,  tests  of 117-120 

Collier  powder  No.  5  special,  tests  of 120-123 

Collier  powder  No.  6-L.  F.,  tests  of 123-126 

Collier  No.  9,  tests  of 126-129 

Collier  powder  No.  11,  tests  of 129-132 

Cronlte  No.  1,  tests  of 132-136 

Cronite  No.  5,  tests  of 13&-138 

Crossfleld,  A.  S.,  work  of 1 

D. 

Detonation,  rate  of,  determination  of 5 

apparatus  for,  description  of 5 

of  permissible  explosives 20 

tests  of,  results  of 23, 26, 

29,  32,  34,  37,  40,  43,  46,  49,  52,  55,  58, 
61, 64,  67,  70,  73,  76,  79,  82,  85,  88,  91,  94, 
97, 100, 103, 106, 109, 112, 115, 118, 121, 124, 
127, 130, 133, 136, 139, 142, 146, 148, 151, 164, 
157,  160,  163,  166,  169,  172,  175,  178,  181, 
184, 187, 190, 193, 196, 199, 202, 206, 208, 211, 
214, 217, 220, 223, 226, 229, 232, 235, 238, 241, 
244, 247, 250, 253,  256,  259, 262, 265, 268, 285 

Detonators,  use  of 21, 22 

Detonite  special,  tests  of 139-141 

E. 

Electric  detonators,  use  of 21, 22 

Eureka  No.  2,  testsof 142-144 

E xplosion-by -influence  test,  description  of . . .        6 
results  of 24, 27, 

30,  32,  35,  38,  41,  44,  47,  50,  53,  56,  59,  62, 
65,  68,  71,  74,  77,  80,  83,  86,  89,  92,  95,  98, 
101,  104,  107,  110,  113,  116,  119,  122,  125, 
128, 131, 134, 137, 140, 143, 146, 149, 152, 155, 
158, 161, 164, 167, 170, 173, 176, 179, 182, 185, 
188, 191, 194, 197, 200, 203, 206, 209, 212, 215, 
218, 221, 224, 227, 230, 233, 236, 239, 242, 245, 
248,  251,  254,  257,  260,  263,  266,  269,  288 

Explosives,  cohesiveness  of,  degree  of 8 

consistency  of,  classification  of 8 

detonation  of,  gases  evolved  on,  character 

of 10 

hardness  of ,  classification  of 8 

physical  examination  of 7, 8 

testing  of,  apparatus  for 272,273 

conditions  governing 302 

method  of 271,272,273 

311 


312 


INDEX. 


Page. 

Explosives,  foreign,  analyses  of 275-276 

tests  of ,  results  of 273^^02 

See  alto  ammonium  nitrate  explosives, 
hydrated  explosives,  Mfanic  nitrate 
explosives,  nitroglycerin  explosives, 
p«rmitt«d  explosives,  permissible 
explosives,  short-flame  explodvee. 

F. 

Flame-test  apparatus,  description  of 5,6 

useof 5 

Flame  test,  results  of 23,26, 

29, 32, 35, 38, 41, 44, 47, 50, 53, 55, 58, 61 ,  64, 
67,  70,  73,  76,  79,  82,  85,  88,  91,  94, 97,  100, 
103, 106, 109, 112, 115, 118, 121, 124, 127, 130, 
133, 137, 140, 143, 146, 149, 152, 155, 158, 161, 
163,  166,  169,  172,  175,  178,  181,  185,  188, 
190,  193,  196,  199,  203,  206,  200,  211,  214, 
217,  220,  223,  226,  229,  232,  236,  238,  241, 
244,  247,  253,  257,  260,  263,  266,  369,  285 

Fort  Pitt  mine  powder  No.  1,  tests  of 145-147 

Fuel-iteNo.  l,testsof 148-150 

Fuel-iteNo.2,te8tsof 151-153 

FueMteNo.3,testsof 154-156 

O. 

Oas-afr  mixture,  tests  in,  results  of 291-299 

figures  showing 300,301 

Oas  and  dust  gallery  No.  1 ,  description  of . . .  5, 13, 14 

results  of  tests  in 23, 

26,  29,  31,  34,  37,  40,  43,  46,  49,  52,  55, 
58, 61 ,  64, 67, 70, 73, 76, 79, 82, 85, 88, 91 ,  94, 
97,  100,  103,106,109,112,115,118,121,124, 
127, 130, 133, 136, 139, 142, 145, 148, 151, 154, 
157, 160, 163, 166, 169, 172, 175, 178, 181, 184, 
187,190,193,196,199,202,205,206,211,214, 
217, 220, 223, 226, 229, 232, 235, 238, 241, 244, 
247, 250, 253, 256, 250, 262, 265, 268, 282-284 

view  of 14 

Oiftnt  A  low-flame  dynamite,  tests  of 157-150 

Olant  B  low-flame  dynamite,  tests  of 16Q-162 

Giant  C  low-flame  dynamite,  tests  of. . .  162-165 

Olant  coal-mine  powder  No.  5,  tests  of 165-168 

Olant  coal-mine  powder  No.  6,  tests  of 168-171 

Giant  coal-mine  powder  No.  7,  tests  of 171-174 

Giant  coal-mine  powder  No.  8,  tests  of 174-177 

Guardian  A,  tests  of 177-180 

Guardian  No.  2,  tests  of 180-183 

Guardian  No.  3,  tests  of 184-186 

Guardian  ooal  powder  B,  tests  of 187-189 

H. 

Haslewood,  A.  J.,  work  of 1 

Hecla  No.  2,  tests  of 189-192 

Hydxated  explosives,  characteristics  of 19 

I. 

Impact  machine,  description  of 6 

large,  desoription  of 17 

elevation  and  detallsof 18 

Impact  test,  results  of. .  24, 27, 29, 32, 35, 38, 41 ,  44, 47, 
60,  53,  56,59,62,65,68,70,74,77,80,83,85, 
89,91,95,98,101,104,107,110,113,116,119, 
122, 125, 128, 131, 134, 137, 140, 143, 146, 149, 
152, 165, 158, 161, 164, 167, 170, 173, 176, 179, 
182,185,188,191,194,197,200,203,206,209, 
212, 215, 218, 221, 224, 227, 230, 233, 236, 239, 
242, 245, 248, 250, 254, 257, 260, 263, 266, 260 


Impact  test,  large,  results  of 287 

small,  results  of 286 

K. 

KaniteA,te8tsof 193-195 

Koster,J.  W.,workof. 1 

L. 

Lead  block  test.    See  Small  lead   blocks; 
Traoal  lead  blocks. 

Limit  charge  tests,  results  of. 291-99 

figures  showing 300,301 

LomlteNo.l,t«Bt8  0f. »5-l« 

IC. 

Mfni»-iteA,testsof 198-2B1 

ICIne-Ite  A-2,  tests  of TCO-m 

Ifine-iteB,  tests  of 205-307 

Mine-iteB-2,  tests  of 208-210 

Mlne-ite  No.  &-D,  tests  of 210-2U 

llonobel  No.  2,  tests  of 213-216 

MQnobelNo.3,testBof 216-219 

MonobelNo.4,testsof 219-223 

llonobel  No.  6,  tests  of 222-235 

MonobelNo.6,testaof 225-2S 

MoiiobelNo.7,te8tiof 228-Sl 

N. 

Nitro  k>w-flame  No.  1,  tests  of 231-234 

Nitro  k>w-flame  No.  2,  tests  of 234-317 

Nitroglycerin  expk)sives,  cfaaracteristka  of. . . .      19 

O. 
Organk:  nitrate  exptoslves,  characteristics  of..      19 

P. 

Pendulum  flrictkm  machine,  descrlptkm  of....  15,16 

elevatkm  and  details  of 16 

view  of 14 

Pendulum  fridtoa  test,  results  of 290,291 

Permissible  expk»ives,  dassiflcatkm  of 17-1^ 

deflnitfonof 1,30 

list  of. »4,306 

w-rimmn  charge  of 15 

rate  of  detonatfon  of 20 

selection  of,  condittons  governing. 20, 31 

test  requirements  for 303,303 

use  of,  advantages  in 4 

increase  of 2,J 

relation  of,  to  death  rate 3 

remits  of 3 

Permitted  expkKives,  analyses  of 275,276 

teste  of 271-302 

resulteof 273 

R. 
Rate  of  detonation.    See  Detonation,  rat«  of. 

S. 

Short-flame  explosives,  use  of,  in  ooal  mines. .       2 

Small  lead  bkxdcB,  resulteof  teste  with 2S, 

28,  30,  83,  36,  39,  «,  46, 48,  51.  54,  57. 6Q. 
63, 66,  09,  72,  75, 78,  81.  84.  87, 90, 93, 96^ 
99. 102, 105, 106.  Ill,  114, 117. 120,  123. 126, 
129, 132, 185, 138, 141. 144. 147. 150, 153, 15<s 
159, 162, 166, 168, 171, 174. 177, 180. 183. 18S, 
189, 192, 195, 198, 201, 304, 207, 210, 213, 216, 
219,  222,  225,  228,  231,  234,  237,  340,  243, 
246, 249, 2G2, 255, 258, 261, 264, 267, 270. 277 


INDEX. 


313 


Pa«B. 

Small  lead  block  tast,  oae  of 7 

Stnne,  A.  J.,  work  of. 1 

T. 

Tiflany,  J.  £.,  workof. 1 

Traad  toad  bkxdD,  results  of  tests  with » 25, 

28,  31,  33, 36,  39,  42,  45,  48,  51,  64,  57, 00, 
63,  66,  6G,  72,  75,  78,  81,  84,  87,  90,  93,  96, 
99, 102, 106, 108,  111,  114, 117, 120,  123, 126, 
129, 132, 135, 138, 141, 144, 147, 150, 163, 166, 
169, 162, 165, 168, 171, 174, 177, 180, 183, 186, 
189, 192, 195, 198, 201, 204, 207, 210, 213, 216, 
219,  222,  225,  228,  231,  234,  237,  240,  243, 
246, 249, 262, 265,  258,  261. 264,  267,  270,  278 
use  of. 7 


Page. 

Trojan  ooal  powder  H,  tests  of 237-240 

Trojan  ooal  powder  I,  tests  of 240-243 

Trojanooalpowder  J,  testsof. 243-246 

Tunnelite  B,  tests  of. 246-249 

Tunnelite  G,  tests  of 249-282 

Tunnelite  No.  5 ,  tests  of 252-255 

Tunnelite  No.  6,  tests  of 25&-258 

Tunnelite  No.  6-L.  P.,  tests  of. 269-261 

Tunnelite  No.  7,  tests  of 262-264 

Tunnelite  No.  8,  tests  of 266-267 

Tunnelite  No.  8-L.  P.,  tests  of. 268-270 

W. 

Woolwich  test,  results  of. 280,281 


O 


Bulletin  67 


DEPARTMENT  OP  THE  INTERIOR 

FRANKLIN  K.  LANE,  SBCPSTAny 

BUREAU  OF  MINES 

VAN,  H.  MANNINU.  DniBCTOK 


ELECTRIC  FURNACES 

FOR 

MAKING  IRON  AND  STEEL 

BT 
DORSEY  A.  LYON 

AND 

ROBERT  M.  KEENEY 


The  Bureau  of  Mines,  In  carrying  oat  one  of  the  provlsionB  of  its  organic 
act — ^to  disseminate  information  concerning  investigations  made — ^prints  a  limited 
free  edition  of  each  of  its  publications. 

When  this  edition  is  exhausted  copies  may  be  obtained  at  cost  price  only 
through  the  Superintendent  of  Documents,  Qovemment  Printing  Office,  Wash- 
ington, D.  C,  who  is  the  authorized  ag^it  of  the  Federal  Government  for  the 
sale  of  all  publications. 

The  Superintendent  of  Documents  is  not  an  official  of  the  BureaM  of  Mines. 
His  is  an  entirely  separate  office  and  he  should  be  addressed : 

SUPEBINTENDEITT  OF  DOOUMEITTS, 

Qovemment  Printing  Office, 

Washington,  D.  (7. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving 
of  more  than  one  copy  of  a  publication  to  one  person.  Additional  copies  must 
be  purchased  from  the  Superlntendeat  oif  Documents.  The  cost  of  this  Bulletin 
is  20  cents. 

Second  edition.    June,  1916. 

First  edition  issued  in  February,  1914* 


CONTENTS. 


Past  I. — ^The  Elbotbio  Fubnace  in  Pig-Ibon  Makttfaotube. 

Introdaction 7 

Development  of  the  electric  furnace  for  smelting  iron * 7 

InvestigatlonB  of  the  Canadian  commission 7 

Inyestigatlon  of  1904 7 

Experiments  with  KeUer  furnace,  Livet,  France 8 

Problems  not  solved  by  commission  of  1904 9 

Experiments  at  Sault  Ste.  Marie,  Ontario,  1906 10 

Development  of  the  electric  iron-reduction  furnace  in  Swedoi 11 

Experiments  of  Gr($nwall,  Linblad,  and  Stalhane,  Domnarfvet, 

Sweden . • 12 

Experiments  of  the  Jem-Kontoret,  Trollh&ttan,  Sweden 14 

Description  of  furnace 16 

Changes  after  the  first  experiments 17 

Summary  of  working  results  and  analyses 20 

B^)ort  on  operation  of  the  furnace  from  August,  1911,  to 

May,  1912 22 

Durability  of  the  roof  of  the  crucible—, ^ 26 

Commercial  furnaces  of  the  Swedish  type 27 

Chemistry  of  the  reduction  of  iron  ores  in  the  electric  furnace 28 

Problems  in  the  electric  smelting  of  iron  ores ,__  31 

Early  difliculties 31 

Electrode  problem 82 

Unsolved  problems 83 

Volume  of  shaft  as  compared  with  capacity  of  furnace ^—  33 

Seduction  of  ore  in  shaft 83 

Gas  circulation 85 

Method  of  utilization 86 

Objections ^-  86 

Other  methods  suggested ^ 37 

Status  of  the  iron  Industry  In  the  Western  States 89 

Iron-ore  deposits  on  the  Pacific  coast 39 

Developmoit  of  the  electric  reduction  furnace  in  California 41 

Ore  deposit  of  Shasta  Iron  Co 41 

First  experimental  electric  reduction  furnace 42 

Second  and  third  experimental  furnaces 42 

Present  type  of  furnace 44 

The  plant 45 

The  furnace 45 

The  electrodes 45 

The  transformers 46 

Electric  control 46 

Operation 46 

Use  of  charcoal  as  a  reducing  agent 47 

Use  of  crude  petroleum  as  a  reducing  agent 48 

Comparison  of  the  California  and  Swedish  furnaces  and  processes 48 

Reduction  In  shaft 48 

Circulation  of  gases 49 

Use  of  calcined  limestone 50 

Electric  furnace  as  compared  to  the  blast  furnace 50 

Hypothetical  case 51 

Cost  of  power 52 

Use  of  electric-fomace  pig  iron  in  the  open-hearth  furnace 52 

8 


00NTENT8. 


Past  I. — ^The  Elbctbio  Fubnace  in  Pig-Ibon  Manttfagtube — Gontd. 

An  estimate  for  the  erection  of  an  electric  iron-smelting  and  steel-refining 

plant 5i 

Assumptions  and  conditions 54 

Proposed  system  of  working 55 

Items  entering  into  estimated  cost  of  construction 55 

CJost  of  production 57 

Pabt  II.  The  Electbio  FtrBNACE  in  Steel  Makufactube. 

Introduction 58 

History  of  the  development  of  the  electric  steel  furnace 58 

Early  development  of  the  electric  furnace 58 

Early  development  of  the  electric  steel  furnace 60 

Development  of  the  H4roult  steel  furnace 69 

Experiments  of  Stassano 1_  60 

The  KJellin  furnace 62 

Investigations  of  the  Canadian  commission  of  1904 63 

Experiments  with  Kjellin  furnace,  Gysinge,  Sweden 63 

Experiments  with  the  H4roult  furnace,  La  Praz,  Prance 64 

Conclusions  of  the  commission 65 

Later  development  of  the  electric  steel  furnace 66 

The  GIrod  arc  furnace 66 

Other  arc  furnaces l. 66 

The  BSchling-Rodaihauser  furnace 68 

Other  induction  furnaces 69 

General  lines  of  development  of  electric  steel  furnaces 69 

Present  status  of  the  electric  steel  industry 71 

Electric  steel  furnaces 74 

Arc  furnaces 74 

The  H^roult  furnace 74 

Single-phase  H^roult  furnace 74 

Three-phase  H^roult  furnace 75 

The  Girod  furnace 77 

Single-phase  Glrod  furnace 77 

Three-phase  Girod  furnace 79 

The  Stassano  furnace 81 

The  Keller  furnace 82 

The  GrOnwall  furnace 82 

The  Nathusius  furnace i 83 

Other  electric  steel  furnaces  of  the  arc  type —  84 

Induction  furnaces 84 

The  Kjellin  furnace .—  84 

The  Bdchling-Rodenhauser  fOmace : 85 

Other  induction  steel  furnaces 87 

An  electrical  resistance  furnace  adaptable  to  steel  manufacture 87 

Electric  steel  manufacturing  practice 89 

Manufacture  of  steel  from  scrap  iron  and  steel  in  the  electric  furnace.  89 

Soci^t^  £lectro-M6tallurgique  Frangaise,  La  Praz,  Savoie»  France.  89 

Description  of  plant *. 89 

Practice  at  plant 89 

Final  form  of  product 90 

Plant  of  Messrs.  Vickers  (Ltd.),  Sheffield,  England 91 

Description  of  plant : 91 

Practice  at  plant 92 

Lakes  &  Elliot  foundry,  Braintree,  England 94 

Description  of  plant 94 

Practice  at  plant ^ 94 

Products 96 

Girod  steel  plant,  Ugine,  France 96 

Location 96 

Power  supply 96 

Description  of  plant 97 

Refining  practice 98 

Products  of  the  furnace 100 


COKTENTB.  5 

Past  II. — ^The  Electbig  Fubnace  iw  Steel  Maitutactube — Ck>ntd. 

Page. 
Slectric  steel  manufacturing  practice — Continaed. 

Manufacture  of  steel  from  scrap  iron  and  steel  In  the  electric  fur- 
nace— (Continued. 

Foundry  of  M5nkem011er  &  C3o.,  Bonn,  Germany 102 

Description  of  plant 102 

Foundry  practice 102 

Sheffield  Annealing  Worka^  Sheffield,  Bngland 102 

Description  of  plant ^ 103 

Plant  practice . 103 

Plant  of  Crucible  Steel  Casting  Co.,  Liansdowne,  Pa 104 

Superreflnlng  of  molten  steel  in  the  electric  furnace 105 

Plant  of  Illinois  Steel  Co.,  South  Chicago,  111 105 

Description  of  plant 105 

Plant  practice 105 

Products 107 

Plant  of  American  Steel  &  Wire  Co.,  Worcester,  Mass 108 

Quteboftnungsbfitte  works,  Oberhausen,  G^many ^ 100 

Description  of  plant 100 

Beflning   practice 109 

Products 116 

Works  at  Yolklingmi,  Germany ^ 117 

Method  of  relining  furnaces 117 

Keflning  practice 117 

Products 118 

Plant  of  La  Gallais  Metz  &  Co.,  Dommeldingen,  Lujcemburg 119 

Characteristics  of  operation  of  electric  steel  furnaces 119 

Design 119 

Power  consumption  — ^ 120 

Power  factor , 121 

Electrodes .. 123 

The  lining ^ 123 

Essential  features  of  refining  in  an  electric  furnace 124 

Cost  of  producing  steel  in  the  electric  furnace 125 

Cost  of  producing  steel  in  the  Girod  furnace *. 125 

Coat  of  producing  steel  in  the  GrSnwall  furnace,  Sheffield,  England.  126 

Cost  of  producing  steel  in  Rdchling-Bodenhauser  furnaces 120 

Properties  of  electric-furnace  steel 128 

Acknowledgments ^ 130 

Suggestions  for  a  duplex  process  fbr  making  steel 131 

Duplex,  process  for  larger  furnace ^ 132 

Cost  of  operating  an  electric  furnace  alone 133 

Selected  bibliography 134 

Publications  on  mining  and  mineral  technology 137 

Index 139 


ILLUSTRATIONS. 


Paga. 

f^QUBE  1.  Sectional  plan  and  elevation  of  Keller  fumace..^ 8 

2.  Exi)erimental  furnace  used  at  Sault  Ste.  Marie,  Ontario 10 

&  First  type  of  shaft  furnace  used  in  experim^its  of  GrOnwall, 

Lindblad,  and  Stalhane 12 

4.  Second  type  of  shaft  furnace  used  by  GrGnwall,  lindblad,  and 

Stalhane 12 

5.  Third  type  of  furnace  used  by  GrOnwall,  Lindblad,  and  Stal- 

hane   13 

6.  First  type  of  furnace  used  at  Domnarfvet,  Sweden 14 

7*  Second  type  of  furnace  used  at  Domnarfvet,  Sweden 14 


6  ILLUSTBA.TIONS. 

FiGUBB  8.  Plan  of  furnace  house  at  TrollMttan,  Sweden 15 

9.  Plan  of  furnace  at  TrollMttan 16 

10.  Sectional  elevation  of  furnace  afTroUhttttan 17 

11.  Sectional  ^evation  of  furnace  at  Trollbftttan,  showing  arrange- 

ment of  gag  circulation 38 

12.  Diagram  of  electrical  connnections  of  furnace  at  Trollhftttan 19 

13.  Bus-bar  connectl<xiB  and  arrangem^it  of  electrodes  in  Swedish 

type  of  electric  shaft  furnace 27 

14.  Curves  showing  variation  of  fu^  required  and  of  heat  evolved.       34 

15.  Curves  showing  variation  of  power  required  according  to  the 

composition  of  the  waste  gases 36 

16.  H^roult  1,500-kllowatt,  three-phase  reduction  furnace 42 

17.  Second  1,500-kilowatt,  three-phase  reduction  furnace  built  at 

Hgroult,  Cal 43 

18.  Sectional  elevation  of  2.5-ton,  single-phase  H^roult  steel  fur- 

nace»  La  Praz,  France 60 

19.  Elevation  of  l-t(m,  three-phase  Stassano  steel  furnace,  Bonn, 

Germany 61 

20.  Plan  of  1-ton,  three-phase  Stassano  ste^  furnace,  Bonn,  Ger- 

many          62 

21.  Elevation    of    1.5-ton,    single-phase    Kjellin    steel    furnace, 

Gysinge,  Sweden 68 

22.  Elevation  of  2.5-ton,  single-phase  Girod  steel  fomaoe,  showing 

arrangement  of  conductors 66 

28.  Elevation  of  8-ton,  three-phase  Keller  steel  furnace^  XJnieux, 

France 67 

24.  Elevation  of  2.5-ton,  two-phase  Gr5nwall  steel  furnace^  Shef- 

field, England 67 

25.  Longitudinal  elevation  of  2.5-ton,  two-phase  GrGnwall  steel 

furnace,  Sheffield,  England 68 

26.  Elevation  of  Nathuasius  three-phase  steel  furnace,  showing 

principle  of  operation 69 

27.  Flan   and   elevation   of  2-ton,    single-phase  B()chling-Itoden- 

hauser  steel  furnace,  Volklingen,  Germany 69 

28.  Plan  and  elevation  of  2.5  to  3  ton,  single-phase  Girod  steel  fur- 

nace, Ugine,  France 78 

29.  Section  of  water-cooled  steel  electrode  used  In  Girod  furnace^        79 

30.  Plan  and  elevation  of  10  to  12.6  ton,  three>phase  Girod  steel 

furnace,  Uglne,  France 80 

81.  Plan  and  elevation  of  Hering  resistance  furnace 87 

32.  Arrangement  of  electric-furnace  steel  plant,  Oberhausen,  Ger- 

many        110 

33.  Results  of  analyses  of  19  samples  of  metal  during  one  heat 111 

34.  Power  fluctuations  of  2.5-ton,  single-phase  Girod  steel  furnace 

during  a  heat 114 

35.  Specific-energy  consumption  as  function  of  weight  of  charge, 

Girod  furnace 114 

36.  Voltage,  output,  and  power  consumption  for  2.5-ton,  single- 

phase  Girod  steel  furnace 116 


ELECTRIC  FUMACES  FOR  MAKING  IRON  AND  STEEL. 

By  DoBSET  A.  Lyok  and  Kobert  M.  Ejsbnbt. 


THE  ELECTRIC  FURNACE  IN  PIG-IRON  MANUFACTURE, 

Bt  Datid  A«  Lyok. 


XNTRODUCTION. 

In  ihe  inquiries  and  investigations  that  the  Bureau  of  Mines  is 
making  with  a  view  to  increasing  safety,  efficiency,  and  economic 
development  in  the  metallurgical  industries,  the  application  of  elec- 
tricity to  various  processes,  and  especially  to  those  in  the  manu- 
facture of  iron  and  steel,  is  being  given  attention.  Some  results  of 
the  work  already  done  are  presented  in  this  bulletin,  which  gives  a 
historical  review  of  the  development  of  electric  furnaces  for  making 
iron  and  steel,  and  discusses  the  problems  that  remain  to  be  solved  in 
the  use  of  electric  furnaces  for  the  smelting  of  iron  ores  and  the 
production  of  pig  iron  at  a  profit  on  a  commercial  scale. 

DEVELOPMENT   OP   THE  EliECTRIC   FURNACE  FOR 

SMEIiTING  IRON, 

In  1898  Capt.  Stassano,  of  Italy,  patented  an  electric  furnace  for 
smelting  iron  ore&<*  In  1900  the  production  of  ferro-alloys  in  the 
electric  furnace  was  begun,  and  at  the  present  time  practically  all 
ferro-alloys  are  made  in  electrically  heated  furnaces. 

INVESTiaATIONS  OF  THB  CANADIAN  COIOCISSION. 

INVE8TIQATI0N  OF   1904. 

The  work  of  Stassano  and  the  successful  production  of  ferro-alloys 
in  the  electric  furnace  were  brought  to  the  attention  of  the  Canadian 
Government  by  Eugene  Haanel,  Government  superintendent  of 
mines.  As  is  well  known,  Canada  is  not  so  favored  with  abundant 
liigh-grade  ores  and  good  coking  coal  as  is  the  United  States,  and 
so  it  seemed  to  Haanel  and  his  associates  that  the  electric  furnace 
might  lead  to  the  solution  of  their  problem  in  Canada,  namely,  the 
treatment  of  low-grade  ores,  and  of  those  ores  high  in  phosphorus 
and  sulphur. 

Ultimately,  through  the  efforts  of  Haanel,  a  commission  was 
appointed  "to  proceed  to  Europe  for  the  purpose  of  investigating 
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and  reporting  npon  the  different  electrothermic  processes  employed 
in  the  smelting  of  iron  ores  and  the  making  of  the  different  classes 
of  steel,  then  in  operation  or  in  process  of  development,  in  Italy, 
France,  and  Sweden." 

This  commission  left  Ottawa  for  England  on  January  21,  1904. 
When  the  commission  arrived  in  England,  F.  W.  Harbord,  the  veil- 
known  metallurgist,  was  engaged  to  act  as  metallurgist  to  it.  Al- 
though the  commission  visited 
several  plants  in  Europe,  yet  in 
none  of  them  was  direct  smelt- 
ing being  attonpted,  nor  were 
most  of  them  in  any  way 
adapted  for  making  experi- 
mental tests  of  direct  smelting. 
While  the  commission  was  at 
La  Praz,  France,  Dr.  H£roult 
was  kind  enough  to  demonstrate 
that  it  was  possible  to  produce 
iron  from  the  ore  in  an  electric 
furnace. 


At  Livet,  France,  however,  the 
commission  found  at  the  works 
of  Eeller,  I«leux  and  Co.  an 
electrical  installation  well  suited 
for  smelting  tests  of  iron  ores. 
Figure  1  shows  the  type  of  fur- 
nace used  for  making  these  tests. 
It  consisted  of  two  or  more  fur- 
naces with  vertical  electrodes, 
connected  by  a  central  well,  the 
current  flowing  from  each  fur- 
E«ii«  ftima™.  u»«i  br  the  Canadian  com-  »»<»  through  the  vertical  elec- 

■nlMioa  In  nuktng  tests  at  Uvet,  France.        trodes    a    and    &.      In    the    tests 

made  by  the  commission  the  iron  ore,  fluxes,  and  coke  were  brokoi 
to  such  a  size  that  all  would  pass  through  a  li-inch  ring.  They 
were  then  mixed  and  "charged  into  the  furnace  in  the  annular 
space  between  the  electrode  and  the  walls  of  the  fuxnaoe."  In  this 
connection  it  should  be  noted  ttiat  the  report  of  the  commission 
clearly  states  that  in  these  experiments  the  reduction  was  accom- 
plished by  means  of  solid  carbon,  as  is  shown  by  the  following  state- 
ment :  "  The  heat,  generated  rapidly,  raised  the  temperature  and  ta- 
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abled  the  carbon  mixed  with  the  ore  to  reduce  it  to  the  metallic  state, 
and  as  the  temperature  rose  the  metal  fused  and  collected  on  the  sole 
of  the  furnace."  Later  reference  to  this  point  is  made.  The  gases 
resulting  tram  the  operation  were  allowed  to  escape  and  bum  at  the 
top  of  the  furnace. 

At  Livet  the  commission  made  two  separate  experiments,  the  first 
lasting  55  hours  and  the  second  48  hours.  In  conducting  these 
experiments  the  materials  were  weighed  and  the  weights  checked, 
^special  attention  was  also  given  to  such  other  points  as  were  neces- 
sary to  obtain  accurate  data  in  regard  to  the  following  matter : 

The  output  of  p!g  iron  for  a  given  consumption  of  electric  energy. 

The  yield  of  metal  per  ton  of  ore  charged. 

The  quantity  of  coke  required  as  a  reducing  agent. 

The  quality  of  pig  iron  obtained,  with  especial  reference  to  Its  suitability 
for  (a)  sted  manufacture  by  (1)  Bessemer  or  Siemen's  acid  process  or  (2) 
Bessemer  or  Siemen's  basic  process;  and  (&)  foundry  purposes. 

The  tests,  performed  on  March  19,  20,  and  21,  1904,  marked  the 
real  beginning  of  the  present  practice  of  the  reduction  of  iron  ores 
in  an  electric  furnace,  for  although,  as  will  be  seen  later,  the  fur- 
naces in  use  for  this  purpose  at  present  differ  considerably  in  con- 
struction from  the  Keller  furnace,  the  principle  employed  is  the 
same — namely,  the  ore,  flux,  and  reducing  agent  are  fed  around  the 
electrodes,  and  the  heat  generated  by  the  current  passing  through 
the  charge  raises  the  temperature  of  the  ore  and  fluxes  to  their  melt- 
ing point,  and  thus  enables  the  carbon  to  reduce  the  ore  with  which 
it  is  mixed. 

PROBOIMS  NOT  SOLVED  BY  COMMISSION  OP  1004. 

After  the  rep<Mrt«  of  the  commission  had  been  carefully  studied 
it  was  evident  that  further  data  would  have  to  be  obtained  in  order 
to  establish  with  some  degree  of  exactitude  the  quantity  of  electric 
energy  required  per  ton  of  product  and  the  consumption  of  elec- 
trode. Also,  the  following  important  questions  referring  to  Canadian 
conditions  were  eittier  not  taken  up  or  were  left  in  doubt  by  the 
Livet  experiments : 

Gould  magnetite,  which  is  Canada's  chief  ore  and  is  to  some  extent  a  con- 
ductor of  electridty*  be  sucoeesfolly  and  economlcaUy  smelted  by  the  electro- 
thermic  process? 

Ck>uld  Iron  ores  with  comparatively  high  sulphur  content,  but  not  containing 
manganese,  be  made  into  pig  iron  of  marketable  composition? 

The  experiments  made  at  Livet  with  charcoal  as  a  reducing  agent  in  substi- 
tution for  coke  having  failed,  could  the  process  be  so  modified  that  charcoal 

could  be  sobstituted  for  coke? 

II  -■  ■  111  — .^— .^ 

•  Haanel,  E^  Report  of  the  commltsslon  appointed  to  investigate  the  different  electro- 
thermic  processes  fo^  the  smelting  of  iron  ores  and  the  making  of  steel  In  operation  In 
Europe:  Mines  Branch,  Department  of  Interior,  Canada,  1904. 
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The  last  problem  v*a 
eepeci&llj  important,  as 
chsrcoB.1  and  possibly 
peat  oche  would  consti- 
t  u  t  e  Canada's  home 
products,  whereas  coal 
coke  for  metallurgical 
processes  has  to  be  im- 
ported into  several  of 
the  Provinces. 

EXt^BIUENTS  AT  BAUT/T 
STE.  UABtE,  ONTABIO, 
1906. 

A  sum  of  $15,000  was 
placed  at  the  disposal  of 
the  Canadian  commis- 
sion for  proeecutuig  ex< 
periments  at  Sault  St«. 
Marie,  Ontario,  in  1906. 
Owing  to  the  advan- 
tages offered,  the  experi- 
mental furnace"  was 
erected  at  the  plant  of 
the  Lake  Superior  Cor- 
poration at  Sault  Ste. 
Marie,  Ontario,  under 
the  direction  of  Erik 
Nystrom,  a  member  of 
the  staff  of  the  mines 
branch  of  the  interior 
departjnent,  who  was 
later  prominently  con- 
nected with  the  work  at 
Trollhattan,  Sweden. 
The  furnace  is  shown  in 
section  in  figure  2. 

The  experiments  at 
Sault  Ste.  Marie  were 
C(Hitinued  for  several 
weeks.  The  report  made 
to  the  Canadian  Qov- 
emment  by  the  superin- 

•  Haanet,  Enc«ne,  Reiwrt  on  tbe  eipertmcnts  made  at  Sault  Ste.  Uarle,  Ontario,  noder 
UovemmeDt  auaplcea.  on  smoltlDg  ot  Canadlaa  Iron  ores  by  tbe  eleetrotbernitc  proceas: 
Mlnea  Brancb,  Department  ot  Interior,  Canada,  ISOT,  p.  2. 
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tendent  of  mines  contained  substantially  the  following  conclusions 
relative  to  the  experiments : 

Canadian  magnetite  ores  can  be  as  economlcaUy  smelted  as  hematites  by  the 
electrothermlc  process. 

Ores  of  high  sulphur  content  can  be  made  Into  pig  Iron  containing  only  a  few 
thousandths  of  1  per  cent  of  sulphur. 

The  silicon  content  can  be  varied  as  required  for  the  class  of  pig  that  is  to 
be  produced. 

Charcoal,  which  can  be  cheaply  produced  from  mill  refuse  or  wood  that  could 
not  otherwise  be  utilized,  and  peat  coke  can  be  substituted  for  coke  without 
being  briquetted  with  the  ore. 

A  ferronickel  pig  practically  free  from  sulphur  and  of  fine  quality  can  be 
produced  fipom  roasted  nlckellferous  pyrrhotite. 

ntanlferous  iron  ores  containing  up  to  5  per  cent  of  titanium  can  be  suc- 
cessfully treated  by  the  electrothermlc  process.  This  conclusion  is  based  upon 
an  experiment  made  with  an  ore  containing  17.82  per  cent  of  titanic  acid, 
yielding  a  pig  iron  of  good  quality. 

The  electrical  horsepower-year  used  per  ton  of  pig  produced  during 
these  experiments  was  about  0.277.  As  noted  later,  an  average  of  18 
months'  running  at  TroUhattan,  Sweden,  indicated  that  the  electrical 
horsepower-year  used  per  ton  of  pig  produced  was  0.340. 

After  the  Goyemment  had  discontinued  its  tests  the  experimental 
plant  was  acquired  by  the  Lake  Superior  Corporation,  and  for  a 
time  was  employed  for  the  semicommercial  production  of  ferro- 
nickel pig,  but  up  to  the  present  time  no  other  electric  pig-iron  re- 
duction furnace  plants  have  been  installed  in  Canada.  This  lack 
of  plants  is  not  because  the  reduction  of  iron  ores  in  the  electric 
furnace  has  not  met  the  expectations  of  the  commission,  but  because 
the  peculiar  economic  and  geographic  conditions  in  Canada  have 
not  seemed  to  warrant,  to  the  present  time,  the  introduction  of  the 
electric  furnace  for  the  production  of  pig  iron. 

BEVSLOPUBNT  OF  THE  ELECTRIC  IBON-BEDXrCTIOK  FTHBtNACE  IN 

SWEDEN. 

The  development  of  the  electric  iron-reduction  furnace  in  Sweden 
has  been  due  to  the  following  reasons : 

In  Sweden  the  conditions  are  somewhat  analogous  to  those  found 
in  Canada,  that  is,  there  are  iron  ores,  but  no  coal  for  coking.  There 
is,  however,  this  difference  between  the  conditions  in  Canada  and  in 
Sweden — ^in  Sweden,  as  also  in  California,  the  ores  are  for  the  most 
part  high  in  their  iron  content  and  rather  free  from  impurities. 
Moreover,  as  has  been  indicated  by  Sundbarg  *»,  the  iron  industry  has 
been  well  established  in  Sweden  for  some  hundreds  of  years.  The 
ores  have  been  smelted  in  a  blast  furnace,  charcoal  for  the  most  part 
having  been  used  as  a  reducing  agent,  and  Swedish  charcoal  iron  is 
known  the  world  over  for  its  purity.    However,  it  has  long  been 

•  Sundbarg,  A.  G.,  Sweden,  its  people  and  its  Indnstriea,  1004. 
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apparent  to  those  familiar  with  the  situatitm  that  there  woold  hare 
to  be  some  itmovation  in  order  to  enable  Swedish  iron  manufactnrera 
to  keep  the  cost  of  prodoctlon 
down.  Each  year  has  seen  an  in- 
crease in  the  cost  of  charcoal,  be- 
cause wood  for  making  charcoal 
is  becoming  scarce  owing  to  the 
depletion  of  the  forests  and  the 
increased  productirai  of  wood 
pulp.  These  facta  caused  Swedish 
engineers  to  turn  their  attention 
to  the  possibilities  of  electric 
smelting. 

BZFERIKBNTS  OF  OBONWAU^  USD- 
BL&D,  AND  eTALHANB,  DOHNASF- 
VET,  SWEDBK'. 

The  first  electric-furnace  smelt- 
■Dd  suibBDc.  ing  experiments  made  in  Sweden 

were  conducted  by  Gronwall,  landblad,  and  Stalhane.    The  types 

of  furnaces  used  by  them  are  shown  in  figures  3,  4,  and  5.    The 

construction  of  the  fur- 
nace shown  in  figure  3, 

is    described    by    Yng- 

strom"  as  follows: 
It   was  a    abaft  furnace 

wlOi  the  beartb  lined  with 

stamped  silica.    In  tbe  bot- 
tom   of    tbe    beartb    tbere 

were  tbree  cbanoelB:   One 

In    the    middle   leadtng    to 

tbe   tap   bole    for    the   pig 

Iron,  and  one  on  each  side. 

Tbe    latter     communicated 

with  two  receptacles  placed 

outside  the  shaft  and  filled 

with  Iron.    The  bottom  of 

these  receptacles  waa  formed 

by  blocks  of  granite  packed 

on  copper  plates  and  con- 
nected wltb  tbe  electrlC'Cur- 

rent   supply.      Tbe   furnace  Piooeb  4.— Second  type  of  «h«n 

was   Started   wltb 

blast  as 


w&U,  Undblad,  and  Sttltiaiie. 
ordinary  blast  furnace,  and  when  sufficient  Iron  bad  collected 


n  tbe  hearth  the  air  blast  was  cut  off  and  the  electric 


turned  on.     Tbe 
t  Domurfret,  SweOea ; 
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Idea  was  that  tlie  current  enterinK  tlie  furnace  ttarongh  tbe  Iron  by  one  of  the 
cbannels  would  melt  the  charge  In  its  paBf&ge  to  the  opposite  chaimel.    It 
was  poBBlble  to  work'  the  furnace  hi  this  manner  during  short  periods,  but  It 
proved  ImpoBslble  to  make  the  hearth  durable.     In  part  this  whs  due  to  the  fact  * 
that  Bt  the  blgh  temperatures  used  the  silica  became  conductive  of  electricity. 
The  furnace  was  ther^ore  reconstructed  In  the  manner  abown  In  figure  4. 
The  general  principle  of  the  dealgn  was  the  same  as  In  the  first  furnace,  but  the 
lower  portlm  of  the  furnace  was  of  more  solid  construction.    The  electric 
cnrremt  was  Introduced  at  opposite  ^des  of  the  furnace.    Tbe  most  important 
alteration    was,    however, 
that  the  hearth  was  lined 
with  magnesite  brick.     In 
consequence     the     hearth 
lasted     somewhat     better 
than  before,  but,  in  gen- 
eral, the  same  difficulties 
remained,    and    even    the 
magnesite  proved  to  be  a 
fairly   good    conductor   of 
electricity  at  high  temper- 
atures. 

Finding  that  the 
types  of  furnaces 
above  described  were 
not  suited  to  the  work 
of  redaction,  Gr&n- 
wall,  Lindblad,  and 
Stalhane  turned  their 
attention  to  the  devel- 
opment of  the  type  that  B-r 
later  proved  success- 
ful and  is  now  being  successfully  operated  in  Sweden  and  Nor- 
way, In  the  work  of  developing  this  furnace  to  a  feasible  and  com- 
mercial success  these  men  were  ably  assisted  by  the  engineers  and 
capitalists  of  Sweden.  An  agreement  was  made  with  the  Trafikaktie- 
bolaget  Grangesberg  Oxelosund  which  enabled  them  to  carry  out 
their  experiments  on  a  large  scale  at  the  Domnarfvet  Iron  Works. 
Although  the  preliminary  work  on  the  furnace  at  Domnarfvet  was 
be^un  in  April,  1906,  the  furnace  was  not  operated  until  April,  1907. 
Experimental  work  was  conducted  with  it  during  the  summer  of  1907. 
The  furnace  is  shown  in  figure  6.  As  the  shaft  of  the  furnace  is  low 
and  open  at  the  top,  large  quantities  of  charcoal  were  consumed  at 
the  top  of  the  open  shaft,  and  the  gas  escaping  from  the  furnace 
consisted  almost  entirely  of  carbon  monoxide.     Based  on  the  data 
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(Stained  during  the  opwation  of  this  furnace,  a  new  furnace  was 
constructed.    His    furnace,    which    is    shown    in    figure    7,    was 
higher,  was  closed  at  the  top, 
and    was    so    constructed    as 
to  permit  the  return  to  the 
crucible  of  a  part  of  the  gas 


passing  from  the  top  of  the  shaft.    The  furnace  has  been  described 
in  detail  by  Tngstrom  in  his  report.' 


BXPEKIMBNTS  OF  THE    JBBN-KONTORET,   TROU.HATTAN,    SIVEDEN. 

The  experimwital  runs  conducted  at  Domnarfvet  satisfied  those 
interested  in  the  undertaking  so  well  that  it  was  decided  to  go  a 
step  farther  and  to  construct  and  perfect  a  furnace  of  a  size  suitable 
for  commercial  purposes.  . 

t  DomngrfTet,  Sweden : 
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DESouPTioir  or  fubnaob. 

This  work  was  undertaken  by  the  Jern-Kontoret,  an  association 
of  the  ironmasters  of  Sweden.     Realizing  the  importance  of  the 
work  to  the  iron  industry  of  that  country,  the  association  voted 
$90,000   for  the  pur- 
pose of  putting  up  a  [     "  ' 1 

plant  and  developing  I ^ ^ I 

the  process.  The 
Swedish  Government 
also  assisted  the  proj- 
ect to  the  extent  of 
furnishing  power  at  a 
nominal  figure  from 
the  plant  at  TroUhat- 
tan.  Plans  and  sec- 
tional elevations  of 
this  furnace  are  shown 
in  figures  8  to  11.  The 
following  description 
is  taken  from  the 
ofllcial  report  deliv- 
ered by  the  engineers 
to  the  Jem-Kontoret :  * 


"      ■       '       "      ■       "    ^"^ 
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Tbe  hearth  Is  lined 
with  **  Hoganas "  fire 
brick  to  a  thickness  of  860 
mm.  In  the  bosh  and  450 
mm.  In  the  stack. 

At  the  top  of  the  shaft 
Is  a  Tholander  charging 
beU  and  cone,  which  Is 
raised  or  lowered  by 
means  of  a  capstan  driven 
by  a  motor. 

The  crodble  rests  on 
a  concrete  foundation. 
Like  the  shaft.  It  Is  sur- 
rounded by  a  sheet-Iron 
8heU  i  of  an  Inch  thick. 
At  the  top  this  shell  Is 
reinforced  by  an  Iron 
band  to  take  up  the  pres-  ^'°^"*  *• — ^^^^  o^  furnace  houte  at  TroIIhlttan,  Sweden. 

sure  of  the  arched  roof. 

The  four  electrodes  project  through  the  roof  In  a  slanting  position  at  an  angle 
of  65*"  to  the  horizontal.  At  the  openings  in  the  roof  the  electrodes  are  sur- 
rounded by  cooling  jackets  of  copper  provided  at  the  top  with  asbestos  packing 


Watar  tank 


I 


i 


«  Lefflor,  J.  A.,  and  Odelberg.  E.,  RedogOrelse  Tdr  Jern-Kontoret*8  FOrsoksverk  I  TroU- 
olttan,  May  31,  1911.    Abstract :  Iron  and  Coal  Trades  Rev.,  vol.  82,  1911,  pp.  967,  1010. 
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to  prevent  tlie  leakage  of  gas.  The  contacts  for  cosdsctlDg  the  cmreiit  to  the 
electrode  ate  arranged  at  the  upper  end  and  wedged  between  the  electrodes  and 
a  holder  of  cast  steel.  TtiU  holder,  In  Its  tnn,  Is  supported  on  n  frame  movable 
up  and  down  between  two  guides  placed  on  each  side  of  the  electrode. 

In  this  process  provision  Is  made  (or  a  circulation  of  the  gases  In  such  man- 
ner that  gas  Is  drawn  by  means  of  a  fan  from  the  gas  outlets  and  blown  into 


PiGDHK  S. — Plan  of  (uniBce  at  TrollhSttan, 

the  cnicibte.    Consequently,  the  quantity  of  gas  pasdng  any  glren  section  of 
tbe  shaft  can  be  varied  within  certain  limits  by  varying  the  speed  of  the  fan. 

This  circulation  of  gas  has  two  special  objects,  namely,  (a)  The  gas  blown 
mio  tbe  cruclWe  is  there  heated  and  gives  off  its  heat  to  the  charge  In  the  shaft 
in  passing  up  through  It.  Through  this  heating  of  the  charge  In  the  shaft  a 
reduction  of  the  ore  by  CO  Is  facUltated,  so  that  this  gas  is  otUized  to  soma 
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extent  for  tbe  proceeo.  (b)  Tbe  fiecond  purpose  of  tbe  circulation  of  the  gas 
la  connected  wlUi  tbe  construction  of  the  crucible,  as  the  gas  cools  the  roof 
and  thus  protects  tt  from  overheattDg.  This  cooling  action  of  the  gas  Is  due 
in  part  to  tbe  absorption  of  heat  or  raising  tbe  temperature  of  the  gas  and  In 
part  to  the  decompoBitlon  of  CO.  and  HiO  In  the  gas  In  contact  with  the  incan- 
deacent  carbon  In  the  crucible. 

A  diagram  of  the  electric&l  connectioDs  is  shovm  in  fi^re  12. 


FiaCBB  10  — Bectional  elevation  at  fanuce  at  Trollblttan. 

CHAROEa    AFTEB    THE    FIBBT    EXPEBIUERTB. 

Operations  with  this  furnace  were  started  November  15,  1910,  and 
were  continued  without  interruption  until  May  29,  1911.  During 
this  period  various  kinds  of  ore  were  smelted,  and  such  grades  of  acid 
and  basic  slags  were  produced  as  seemed  best  suited  to  the  treatment 
of  each  particular  ore.  The  furnace  worked  well  from  the  start,  and 
was  closed  down  that  such  alterations  might  be  made  as  experience 
had  demonstrated  would  be  beneBcial,  and  also  that  the  crucible 
«710»— BuU.  67—16 2 
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might  be  relined  and  a  new  roof  built,  as  the  frequent  alternation  of 
acid  and  basic  slags  had  damaged  the  brickwork  of  the  crucible.    The 


principal  changes  and  additions  that  were  made  after  the  closing 
down  of  the  furnace  were  as  follows: 

A  system  was  installed  for  washing  the  gas  which  is  returned  to  the  crucible, 
80  as  to  free  the  gas  from  dust  particles  before  it  reached  the  fan  that  caused 
the  circulation. 
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JIOO-k.v.a. 
FVimory 

lOtOOO  VDltS 

Secondi 
90-iao  v( 


c      cL     To 


@  @©[7| 


Power 

lighiin^ 

mains 


1 


tioo-k.v.a. 
TV'ansformer 

Primary 
8,660  v6IU 

Sftcondary 
SO^aOvoKs 


Furnace 

Fiouaa  12. — Diagram  of  electrical  connections  of  furnace  at  Trollhftttan.  a,  ammeten; 
5,  electrodes;  o,  main  switches;  d,  lightning  arresters;  e,  induction  coll;  J,  kilowatt 
meters;  g,  kilowatt-hoar  meters;  h,  maximum  relay;  /,  switch;  k,  oil  resistance;  l, 
aatomatlc  switches ;  m,  clock  control ;  n,  f oses ;  o,  p,  q,  transformers ;  v^  voltmeters. 


20 


ELBGTBIG  FUBNACBS. 


Electrode  contact  jackets  were  constructed  and  Installed  which  permitted 
the  electric  current  to  be  Introduced  to  the  electrodes  at  the  point  where  they 
pass  through  the  roof  of  the  crucible  rather  than  at  the  end  of  the  electrode  as 
was  formerly  done  (fig.  10). 

Round  electrodes,  23|  inches  in  diameter,  were  substituted  for  square  elec- 
trodes.   The  latter  were  built  of  four  carbons,  of  about  12  by  12  inch  section. 

The  electrodes  were  threaded  so  as  to  permit  their  being  joined  by  means  of 
screw  nipples,  thus  avoiding  the  waste  of  butt  ends,  as  formerly,  as  soon  as 
the  electrodes  became  too  short  for  further  use. 

SUMMABY  OF  WOBKINa  BESITLTS  AND  ANALTSES. 

The  following  tables  present  in  condensed  form  the  results  obtained 
by  the  operation  of  the  furnace  from  November  16,  1910,  to  April  9, 
1911  : 

Table  1. — RestUta  of  cleciric  iron  smelting  at  TroUMttan,  Sweden. 


Item. 


Nov.  15, 
1910.a 


Iron  in  ore,  ^et  cent. 
Iron  in  tbarm,  per  cent. 


Slag  per  ton  of  fron,  kg 

ICatenal  cbmged  per  hectoliter  of 

charooal,]q; 

Charooel  per  ton  of  iron,liectx^ters 
Chaiooal  contents: 

Water,kg 

0«8,kg 

AAb,kg 

Coke.^ 

Total,  kg 

Time  ooDflomed  in  working,  bofus, 

minutes 

Time  oonsomed  in  interruptions, 

hours,  minutes 

Total  time,  hours,  minutes 

Average  load,  kilowatts 

Total  kUowatlrhours  used 

Kikiwatt-bourBpertonofiron 

Iran  per  kilowatt-year,  tons 

Gross  electrode  consumption,  kg . . 
Net  electrode  oonsumpaon,  kg. . . . 
Gross  electrode  consumption  per 

ton  of  iron,  kg 

Net  electrodeoonsumption  ^n  ton 
of  iron,  kg 


64.02 

59.80 

300.00 


7    50 


7  50 
1,121 
8,780 
3,800 
2.31 


Nov.  1ft, 

1010,  to 

Feb.  11, 

1011. 


§5.67 

62.10 

206.00 

66.40 
24.22 

60.1 

41.7 

11.8 

209.1 

415.7 

2,000   56 


2, 
2, 


105    30 

115    36 

1,310 

661,020 

2,206 

3.82 

13,012 

6,743 

11.24 

5.83 


Feb.  11 

to 

Feb.  10, 

1011. 


66.06 

62.56 

224.00 

71.18 
22.47 

50.8 

86.0 

11.0 

277.6 

376.3 

184    32 

4   58 

180    30 

1,004 

812,601 

2,140 

4.08 

1,678 

763 

10.84 

5.24 


Feb.  10 

to 
liar.  10, 

1011. 


40.50 

42.42 

780.00 

00.81 
26.10 

50.8 

40.3 

13.2 

323.4 

445.7 

630    18 

20   57 

660    15 

1,017 

660,480 

2,623 

3.34 

2,281 

1,121 

0.10 

4.52 


ICar.lO 

to 
Apr.  0, 

mi. 


57.02 

53.06 

458.00 

60.88 
26.97 

40.2 

43.1 

17.2 

326.7 

426.2 

506    84 

22    11 

528   46 

1,733 

8n,706 

2.643 

3.31 

2,474 

1,286 

7.45 

3.87 


Total. 


61.54 

57.00 

827.00 

70.77 
34.70 

60.0 

42.0 

12.8 

801.4 

418.0 

3,348    10 

153    45 
3,501    56 
1,844 
^500,506 
2.301 
3.66 
10,846 
0,012 

10.28 

5.27 


•  Furnace  being  fUled. 


»  Term  <'net "  represents  51.24  per  cent  of  gross. 
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Tabub  8. — Analyses  of  iron,  slag,  and  furnace  gas. 

IKGOHPLETB  ANALYSIS  OF  IBON. 


Date. 

Nomber 
of  charge. 

C 

81 

ICn 

8 

P 

Jhi.8 

1011. 

188 
171 
824 
872 

Percent. 
4.19 
4.04 
8.00 
8.10 

Percent, 

1.85 

.76 

.14 

.46 

Percent. 

aoo 

.82 
.08 
.40 

0.004 
.006 
.028 
.014 

Per  oent» 

ao2i 

Jm.  11 

.030 

Mar.  14 

.019 

lfar.90 

.010 

ANALYSIS  OF  SLAG. 


Num- 

Date. 

ber  of 
charge. 

SiOi 

AliO. 

TlOi 

FeO 

HnO 

CaO 

MgO 

CaS 

P«Oi 

TotaL 

1011. 

Perct. 

Perec. 

Perct. 

Peret. 

Peret, 

Peret. 

Perct. 

Peret. 

PercL 

PcreL 

7an.8 

138 

44.76 

1.20 

2.58 

1.76 

1.85 

81.70 

16.10 

a077 

Trace. 

9&617 

Jan.  14 

171 

41.60 

6.86 

2.72 

1.49 

1.48 

28.91 

1&70 

.068 

aooo 

99.313 

Mar.lO 

834 

46w82 

6.06 

&89 

.28 

83.27 

7.97 

.038 

.041 

100.274 

Mar.  80 

872 

87.06 

&96 

.87 

1.38 

.62 

37.98 

23.46 

.198 

.000 

9&06S 

INCOMPLETE  ANALYSIS  OF  SLAQ. 


Date. 

Nnmber 
ofiAiarge. 

Fe 

SI 

Mn 

S 

P 

Jan,  8 

1911. 

188 
171 
894 
872 

Pcreeitf. 
1.86 
L16 
6.80 
1.00 

Percent. 
21.06 
19.66 
2L97 
17.82 

Pcreeitf. 

1.06 

L14 

.18 

.40 

Pereent. 

O.084 

.028 

.009 

.064 

Per  cent% 
Trace. 

Jan.  14 

0.000 

Mar.  i'^ 

.018 

Wiw.^n 

.000 

ANALYSIS  OF  FUKNACB  QAS,  : 

BY  VOLUME. 

• 

Date. 

Nnmber 
of  charge. 

COi 

O 

CO 

H 

CH« 

N 

Jan.8 

1911. 

138 
171 
834 
872 

Pereeitf. 
28.2 
27.2 
12.6 
19.2 

Pereeitf. 

Per  eeiK. 

Pereeitf. 

Pereeat 

Percent. 

Jan.  14 

0.0 

67.6 
7L9 
69.7 

14.8 
18.0 
17.6 

ao 

L7 
2.6 

0.8 

Mar.  14 

.8 

Mar.  80 

1.0 

BXPOBT  ON  OPBBATION  OF  THE  FURNACE  FROM  AUQUBT,  1911,  TO  MAT,  1912. 

The  furnace  was  again  put  into  operation  in  August,  1911,  and 
was  in  continuous  operation  up  to  July,  1912,  when  it  was  relined. 
In  May,  1912,  a  report  was  submitted  to  the  Jem  Kontoret  by  the 
engineers  in  charge  of  the  operation  of  the  furnace  from  August, 
1911,  up  to  that  time.  The  following  summary  is  taken  from  an 
abstract  of  the  report  that  appeared  in  Metallurgical  and  Chemical 
Engineering,  July,  1912,  p.  413 : 

Results  of  operxtiion  of  furnace  from  August,  1911,  to  May,  1912. 

Iron,  In  ore,  per  cent- 00.05 

Iron,  In  burden,  per  cent 60.84 

Weight  of  Blag  per  ton  of  Iron,  kg 
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W^ght  of  fuel  per  ton  of  Iron,  kg 404 

Volts  on  fomace 73.6 

Amperes  on  furnace 11.423 

Power  on  furnace,  kw 1,482 

Power  per  ton  of  iron,  kilowatt-hours 2,225 

Output  of  iron  per  kilowatt-year,  tons 8.94 

C0»  in  throat  gas,  per  cent 23. 49 

Volume  of  circulating  gas,  cubic  meters  per  second 0. 24 

Preasure  of  gas  in  furnace,  mm.  water 225 

Temperature  at  bottom  of  shaft,  "C 441 

Temperature  at  middle  of  shaft,  *€ 279 

Temperature  at  top  of  shaft,  ^C 17 

Electrode  consumption,  per  ton  of  iron : 

Gross,  kg 5. 72 

Net.  kg 5. 18 

The  variati(m  in  the  charcoal  and  power  consumption  per  ton  of 

iron  produced,  depending  upon  the  iron  content  of  the  ore  used,  is 

shown  in  the  following  tabulation,  taken  from  the  article  mentioned 

above: 

VariaUon  in  power  and  okarooal  ocmtvmptian. 


Fe  in  ore,  per  cent 67. 66 

Slag  per  ton  of  iron,  kg 166 

Coal  per  ton  of  Iron,  kg 347 

Kilowatt-hours  per  ton  of  iron. —  1, 819 


66.71 
209 
380 
2,253 


57.16 
409 
439 
2,369 


54.88 
521 
490 
2,525 


The  ccHnposition  of  the  pig  iron  produced  varied  between  the  fol- 
lowing limits: 

VofiaHon  in  oompoHiion  of  pig  iron. 


Etement. 

B«^ 

Average. 

• 

Low. 

High. 

(^ban 

Pereent. 
2.688 
.183 
.190 
.0087 
.0134 

Percent. 

8.860 

2.473 

1.366 

.0841 

.0454 

Percent. 
3.406 

Billmsi .  

.725 

Mnitninetft 

477 

BnlnAnr 

.0126 

Fhoiplionitir 

.0200 

The  composition  of  the  gases  produced  varied  as  follows : 

Variation  in  composition  of  gases. 


Oas. 


CO*. 

CO 

H, 

CH« 

Nt(dlflweDoe) 


Range. 


Low. 


Percent. 

14.68 

81.80 

7.87 

.82 

.60 


High. 


Percent. 

81.80 

71.10 

14.50 

2.37 

3.41 


AvQiage. 


Percent. 
28.40 
63.15 

lass 

1.52 
L40 
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The  ratio  of  CO  to  CO^  by  volume  varied  from  4.8  to  1.8.  The 
calorific  power  of  the  gas  per  cubic  meter  varied  from  2,035  to  2,569, 
an  average  of  2,297  calories,  or  from  67.6  to  72.7  calories  per  cubic 
foot. 

The  oxygen  ratio  of  the  slags  produced  varied  from  2.09  to  1.28. 
Analysis  of  the  slags  showed  the  following  variations  in  composition : 

Variation  in  oamposition  of  slags. 

Per  cent, 
SIO. 36.54  to  45.15 

AlsO, l.d6  to    9.20 

TIO, Trace  to    7.42 

FeO .58  to    6.22 

MnO .19  to    6.00 

CaO 21.08  to  46. 58 

MgO «- 6. 22  to  26. 65 

CaS .04  to      .44 

P.08 Trace  to      .034 

The  temperatures  of  the  iron  and  the  slag  issuing  from  the  furnace 
varied  as  follows : 


Iron,   "C 1,230  to  1,420 

Slag,   "O 1,290  to  1,460 


In  September,  1912,  the  Jem-Kontoret  leased  the  plant  at  Troll- 
hattan  to  the  Stromsnas  Iron  Works,  which  has  since  worked  it  as  a 
commercial  plant.  The  final  report  on  the  research  work  at  TroU- 
hattan,  as  well  as  a  report  on  similar  commercial  installations  else- 
where, has  now  been  published.*  A  summary  of  the  report,  as  fur- 
nished by  Electro-Metals,  of  London,  is  largely  presented  below. 

Use  of  conceMrates. — ^The  proportion  of  concentrates  ought  not 
to  exceed  20  per  cent  of  the  ore  charged.  This  figure,  however,  does 
not  appear  to  be  final,  as  in  a  somewhat  modified  furnace  of  the  same 
type  constructed  later  at  the  plant  of  the  Uddeholm  Co,  at  Hagfors 
26  per  cent  of  concentrates  is  used  without  any  diflSculty. 

Power  consumption. — ^The  power  consumption  per  ton  of  pig  iron 
varies  in  proportion  to  the  iron  content  in  the  ore,  A  poor  ore  and 
a  pig  iron  high  in  silicon  and  manganese  require  more  power  than 
rich  ore  and  pig  iron  low  in  silicon  and  manganese.  For  such  iron 
the  power  consmnption  averages  only  2,067  kilowatt-hours  per  ton 
of  pig  iron — ^that  is,  there  is  obtained  4.22  tons  of  pig  iron  per  kilo- 
watt-year, or  3.10  tons  per  horsepower-year. 

Charcoal  consumption. — ^The  charcoal  consumption  per  ton  of  pig 
iron  varies  from  20  to  24  hectoliters  (57  to  68  bushels) ,  depending  on 
the  quality  of  the  charcoal  and  the  charge.  Coke,  unless  mixed  with 
charcoal,  is  unsuitable  for  this  furnace. 

■Abstract  of  report,  Iron  and  Coal  Trades  Rev.,  voL  86,  1913,  p.  714, 
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CciMiemptum  of  eleetrodes. — ^The  consumption  of  electrodes  at 
Trollhattan  has  been  reduced  to  less  than  3  kiTograms  per  ton  of  pig 
iron.  At  Hagf ors  it  has  amounted  to  as  much  as  6  to  9  kilograms. 
This  discrepancy  is  explained  by  the  fact  that  the  electrode  consump- 
tion is  increased  in  proportion  to  the  higher  power  consumption  for 
a  poor  charge,  and  is  further  increased  by  the  more  efficient  circula- 
tion of  gases  and  higher  carbon  dioxide  content  in  the  gas.  The 
lower  electric  load  per  unit  of  surface  at  the  Hagfors  furnaces  also 
contributes  to  the  higher  electrode  consumption  at  this  plant. 

Cast  of  repairs. — The  cost  of  repairs  is  lower  than  was  at  first 
expected.  In  the  manufacture  of  pig  iron  containing  silicon  and 
manganese  the  cost  for  repairs  is  higher  than  in  producing  pig  iron 
with  a  low  content  of  those  elements. 

Quality  of  the  pig  iron. — ^The  silicon  content  does  not  vary  more 
than  in  the  product  of  an  ordinary  blast  furnace.  The  phosphorus 
content  is  lower  than  when  the  same  quality  of  charge  is  used  in  an 
ordinary  blast  furnace,  owing  to  the  lower  consumption  of  charcoal 
in  the  electric  furnace.  The  sulphur  content  is,  however,  slightly 
higher  in  the  product  of  the  electric  furnace.  However,  it  should 
be  observed  that  both  at  Trollhattan  and  at  Hagfors  unroasted  <»:es 
have  been  used  without  any  difficulty  arising  from  the  sulphur 
present. 

The  quality  of  the  pig  iron  from  the  electric  furnace  has  been 
highly  commended.  It  acts  particularly  well  in  the  open-hearth 
furnace,  and  steel  made  from  it  is  certainly  not  inferior  to  steel  made 
from  ordinary  pig  iron.  E.  Odelberg,  managing  director  of  the 
Stromsnas  Iron  Works,  states  that  the  electric  pig  iron  is  ^^  of  the 
very  best  quality  for  the  open-hearth  process  and,  as  regards  the  uni- 
formity of  the  silicon  content,  fully  as  uniform  as  iron  from  an  ordi- 
nary blast  furnace."  A.  Herleinus,  managing  director  of  the  Udde- 
holm  Co.,  states  that  ^'  the  electric  pig  iron  has  been  used  with 
satisfactory  results,  both  for  the  open-hearth,  Bessemer,  and  Lan- 
cashire processes.  Generally  speaking,  there  has  been  no  difficulty  in 
obtaining  pig  iron  of  uniform  quality,  although  slightly  better  uni- 
formity may  possibly  be  obtained  with  a  very  carefully  conducted 
blast  furnace." 

Val/ue  of  the  gas. — ^At  the  plant  of  the  Uddeholm  Co.,  at  Hagfors, 
the  gas  from  the  furnaces  has  been  used  with  very  good  results  for 
heating  the  open-hearth  furnaces.  It  is  estimated  that  the  value  of 
the  gas  obtained  per  ton  of  pig  iron  may  be  taken  at  2.50  kroner 
(about  $0.67). 

With  regard  to  the  furnace  that  was  used,  the  report  expresses  the 
opinion  that  its  construction  and  general  dimensions  have  been  found 
to  be  suitable.  A  summary  of  the  most  important  figures  relating  to 
the  economic  results  is  presented  in  Table  4  following. 
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Table  4. — BeiiUta  of  eledtio  ir(kn  amelHng  with  furnace  at  TroUMttan. 


Item. 


On,  OdDoeDtntes  and  briquets,  kg. 

Limestone,  kg 

Charooal,  nectoUtoi , 


Coke,  kg.. 
EleotrUi  en«rgy,kw.-bouT8  .. . , 
Iron  content  ox  ore,  per  cent. . . 
Iron  produced .  kg. 


Slag  per  ton  o/iron,  kg 

Electrodes,  per  ton  of  iron,  gross  kg. 
Electrodes  per  ton  of  iron,  net  kg. . . , 
Cbarooal  per  ton  of  iron,  hectoliters. 

Working  time,  hours,  minutes 

Repairs,  hours,  minutes. 


Repairs,  percentage  of  total  time, 

Average  load,  kw 

Kilo^iratt-houis,  per  ton  of  iron , 

lion  per  kw.-year,  tons 

Iron  per  hp.-year,  tons 


Nov.  16, 

1010,  to 

May  20, 

1011. 


4,336,338 

346,406 

66,474.6 


6,389,131 

60.70 

3,636,098 

880 

10.00 

4.06 

04.84 

4,441    00 

236    63 

8.06 

1,437 

2.406 

3.64 

2.68 


Aug.  4, 

1911,  to 

June,21, 

1013. 


7,017,214 

647,470 

107.38i6 

70,864 

10,846,180 

60.76 

4,800,670 

324 

6.08 

6.17 

23.31 

7,318   23 

606    07 

6.65 

1,602 

2,266 

3.88 

2.86 


Aug.  12, 

1013,  to 

Sept.  30, 


a  1,406,630 

108,160 

21,850.6 


1,030,073 

68.67 

066,016 

103 

3. 03 

8.02 

22.63 

1,178     8 

13    47 

1.16 

1,653 

2,007 

4.36 

3.20 


October  to 

December, 

1012. 


3,014,830 

160,044 

44,034.5 


8,067,665 

85.38 

1,006,865 


3.78 

3.78 

33.68 

3,158    80 

40    80 

2.34 

1,833 

2,076 

4.22 

3.10 


a  1,200,825  kg.  represented  Kliruna  "  A  "  ore  containing  00.61  per  cent  of  Fe. 

The  table  shows  that  step  by  step  the  results  have  been  improved, 
the  quantity  of  iron  pep  horsepower-year  increased,  whereas  the  elec- 
trode consumption  and  time  for  repairs  have  been  reduced,  these 
three  items  in  conjunction  with  the  saving  in  charcoal  being  the  de- 
cisive factors  as  regards  electric  iron  smelting. 

The  figures  show  that  during  the  last  few  months  of  the  experi- 
mental work  as  much  as  3.20  to  3.10  tons  of  iron  were  obtained  per 
horsepower-year,  whereas  before  the  alterations  were  made  the 
highest  average  figure  was  2.86  tons.  The  highest  expected  yield 
was  3  tons  per  horsepower-year,  which  was  therefore  exceeded.  It 
may  also  be  mentioned  that  during  single  periods  of  several  weeks 
when  especially  suitable  ores  were  used,  the  highest  average  figures 
above  mentioned  were  materially  exceeded.  It  will  thus  be  seen  that 
as  regards  efficiency  the  results  of  the  furnace  surpassed  expectations. 
The  electrode  consumption  shows  a  remarkable  decrease.  The  con- 
sumption of  13.8  kilograms  during  the  first  period  of  working  was 
finally  reduced  to  about  3  kilograms  per  t<m  of  pig  iron.  The  cost 
and  time  required  for  repairs  were  items  that  could  not  be  estimated 
beforehand.  Experience  has  shown  that  both  the  cost  and  the  time 
required  are  less  than  could  have  been  expected.  Utilization  of  the 
gas,  when  practicable,  should  also  be  taken  into  account.  At  Hag- 
fors  the  use  of  gas  for  firing  the  open-hearth  furnaces  is  estimated  to 
reduce  the  cost  of  the  pig  iron  about  65  cents  per  ton. 

DUBABILITT  OF  THE  BOOF  OF  THE  CRUCIBLE. 

In  perfecting  the  electric  furnace  one  of  the  most  serious  diffi- 
culties that  had  to  be  overcome  was  maintaining  the  brickwork  of 
the  crucible.  In  the  operation  of  the  furnace  at  Trollhattan  from 
August  4,  1911,  to  June  21,  1912,  the  following  repairs  were  made: 
October  26,  1911,  the  ardi  over  the  crudble  was  partly  repaired; 
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February  18, 1912,  the  arch  was  eotirel;  rebuilt;  April  27,  1912,  the 
arch  was  partly  repaired.  At  Hagfcx^  the  arch  was  rebuilt  after 
working  four  and  one-half  numths. 

COUMSRCIAL  PUBNACES  OF  TUG  SWEDISH  TYPE. 

As  a  result  of  the  successful  working  of  the  furnace  at  Trollhattan 
the  foUowiog  furnaces  have  been  built : 

Fumaceg  hiMt  tubaequent  to  tAe  Trollh&ttan  furnace. 


PlEC. 

Mmnbv. 

oHumxxi. 

"■SST- 

tutMpomr. 

Bw«d«D.' 

3 

1,900 
SOOD 

■"S^:::::;:::::::::::::::::: 

However,  the  furnaces  at  Hardanger,  after  having  been  operated 
for  about  nine  months,  were  closed  down,  the  reason  given  being  that 
suitable  raw  materials  were  , ^ 


■w 


not  available  in  Norway. 
In  Sweden  charcoal  is  used 
as  a  reducing  agent,  where- 
as in  Norway  only  coke  is 
available  for  that  purpose. 
During  the  experimental 
work  at  Trollhattan,  coke 
was  tried  as  a  reducing 
agent,  but  was  found  un- 
satisfactory, and  the  fail- 
ure at  Hardanger,  where 
coke  only  was  used,  con- 
firms the  conclusions 
reached  by  the  engineers 
at  Trollhattan  regarding 
the  unsatisfactory  results 
with  the  use  of  coke  as  a 
reducing  agent. 

The  bus-bar  connections 
and  the  arrangements  of 
electrodes  around  the  cruci- 
ble in   the  Swedish    type  i      D     H 

of    electric    shaft     furnace    Fiodrb  is.— BuH-bar  connections  and  ■mntement  o( 

are  shown  in  figure  13.      '"«««^"  >"  »''«^''  typ«  »i  «i«trtc  iiaft  (umaw. 

The  Uddeholm  Co.,  at  Hagfors,  Sweden,  is  adding  a  third  furnace 

to  its  electric  furnace  installation  at  Hagfors,  and  is  constructing 
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three  similar  furnaces  at  its  Nykroppa  works.  It  will  probably  sub- 
st^itute  electric  smelting  altogether  for  its  blast  fumace& 

The  Stora  Kopparbergs  Bergslags  is  also  preparing  to  introduce 
electric  smelting  on  a  large  scale,  and  according  to  reports,  other  iron 
works  in  Norway  and  Sweden  will  follow  its  example. 

The  cost  of  construction  of  the  plant  at  Trollhattan  is  given  below : 

Coet  of  construction  of  electric  iron  smiting  plant  at  Trollhatt<in,  Bweden, 

m 

Preparation  of  site: 

£2xcavation8,  foundations,  and  fencing;  narrow-gage  tram  Unes, 
3  turntables^  and  5  trucks ;  1  S-ton  and  1  40-ton  weigh  bridge ; 
raUroad  siding  (about  1*830  feet)  with  1  turntable;  earthen- 
ware water  main  from  the  canal  (400  feet) f  10. 727.42 

Buildings  : 

Furnace  house  with  2  windlasses  and  Inclined  tracks  $14. 735. 00 
Charcoal  storage  house  with  conveyors  and  elevators      6. 032. 51 

Crusher  house  and  elevator 1,282.97 

Office,  laboratory,  and  storeroom 1,393.87 

Repair  shop  with  equipment 1,040.63 

Creneral  storehouse 243.64 

24.728.02 

Furnaces : 

1' furnace  for  2,500  horsepower  (ironwork,  castings, 

masonry,   etc.) 13,117.12 

Electric  equipment 18,781.70 

Bars  and  cables  to  the  electrodes ^-      3, 381. 98 

Exhaust  fan  for  furnace  gases 826.94 

Pump  and  motor  (for  water) 1,452.64 

Water  tank  and  pipes 942.19 

83,602.62 

Crusher 1, 010. 80 

Electric  lighting  and  motors:  Transformers  and  wiring;  4  motors 

for  exhaust  fan,  crusher,  ore  and  coal  elevators,  and  conveyors; 

direct-current  transformers '. 5,157.  24 

Laboratory  equipment 889.88 

Instruments  (self-recording)  for  measuring  temperature,  pressure, 

and  volume  of  gas 1,894.25 

Tools  and  sundry  supplies 1,212.30 

Furniture  and  fittings  for  office,  etc 676.00 

Supervision  and  sundry  expenses 5,637.86 

Drawings,  specifications,  and  license  fee 7, 5(X).00 

Total 92, 986. 89 

CHEMISTRY  OF  THE  REDUCTION  OF  IRON  ORES  IN  THE 

ELECTRIC  FURNACE. 

As  is  well  known,  the  reduction  of  iron  ores  is  effected  by  heating 
the  ore  and  the  reducing  agent  to  such  a  temperature  that  a  reaction 
takes  place  between  the  oxygen  and  the  reducing  agent,  which  usually 
is  some  form  of  carbon.  For  the  most  part,  iron  ores  at  the  present 
time  are  reduced  in  the  blast  furnace.  In  order  to  get  a  clear  idea 
of  the  difference  between  a  blast  furnace  and.  an  electric-reduction 
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furnace,  let  us  first  briefly  note  how  the  work  of  reduction  and  sub- 
sequmt  melting  of  the  reduced  iron  and  fluxes  is  brought  about  in  the 
blast  furnace. 

The  charge  is  composed  of  ore,  oxide  of  iron  plus  gangue  materials, 
fluxes  for  combining  with  the  gangue  materials  of  the  ore  in  such 
proportions  determined  by  analysis  and  calculation  as  will  make  a 
fusible  slag,  and  the  fuel,  which  is  needed  to  provide  heat  and  also 
acts  as  a  reducing  agent.  This  fuel  is  genially  coke  or  charcoal  and 
contains  practically  no  volatile  matter.  In  the  tuyere  zone  the  larger 
part  of  the  fixed  carbon  passes  to  CO,  but  whether  it  tfirst  passes 
through  the  CO3  state  and  is  then  reduced  to  CO  by  incandescent 
carbon  is  still  a  debated  subject.^  At  any  rate  CO  is  the  final  prod- 
uct, and  in  its  production  a  high  enough  temperature  is  produced  to 
melt  down  the  previously  reduced  iron  and  to  form  a  fluid  slag  from 
the  fluxes  and  gangue  materials  present  At  this  point  the  difference 
between  the  blast  furnace  and  an  electric-reduction  furnace  should 
be  noted,  for  in  the  electric  furnace  the  heat  necessary  for  melting 
the  charge  is  furnished  by  the  electric  current.  Iii  the  blast  furnace 
the  quantity  of  fuel  necessary  to  produce  the  smelting  temperature, 
and  not  the  amount  necessary  for  the  reduction  of  the  oxides,  deter- 
mines the  amount  of  fuel  that  is  used.  In  the  electric  furnace  the 
amount  of  electric. energy  necessary  for  producing  the  smelting  tem- 
perature is  used  in  place  of  coke  or  charcoal ;  and  as  only  one-third 
or  less  of  the  coke  that  is  used  in  blast-furnace  work  is  needed  in  the 
electric  furnace  for  the  reduction  of  the  iron  oxides,  it  is  possible  to 
produce  in  the  electric  furnace  three  times  as  much  iron  with  1  ton 
of  coke  or  charcoal  as  in  a  blast  furnace.  Such  being  the  case,  the 
amount  of  electrical  energy  and  carbon  that  are  necessary  to  produce 
1  ton  of  pig  iron  in  an  electric  furnace  may  now  be  considered. 

This  problem  has  been  carefully  worked  out  by  Yngstrom,^  Rich- 
ards,^ and  others,  and  hence  it  is  necessary  in  this  connection  to  give 
only  the  essential  details  in  such  a  calculation. 

In  determining  the  amount  of  electrical  energy  necessary  to  pro- 
duce 1  ton  of  pig  iron  from  a  given  ore  the  amount  of  heat  absorbed 
by  the  following  processes  must  be  calculated :  The  reduction  of  the 
iron  oxides  to  iron ;  the  reduction  of  the  SiOj  to  Si ;  the  melting  and 
superheating  of  n  kilograms  of  iron ;  the  melting  and  superheating  of 
n  kilograms  of  slag;  the  heating  of  x  kilograms  of  CO2  plus  CO  to 
whatever  temperature  it  is  determined  that  they  should  escape  from 
the  shaft 


*Belden,  A.  W.,  Foundry-capola  gases  and  temperatures:  Bull.  54,  Bureaa  of  Mines, 
1913,  pp.  14-19. 

*  YngBtrom,  Lars,  E&ectric  production  of  Iron  from  iron  ore  at  Domnarf vet,  Sweden : 
Engineer  (London),  Feb.  25,  1910,  p.  206. 

•  Blcbards,  J.  W.,  MetaHurgical  calculations,  pt.  2,  1907,  p.  403. 
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From  the  number  of  calories  absorbed  in  this  manner  may  be  de- 
ducted the  heat  that  would  be  developed  by  the  combustion  of  the 
X  kilograms  of  carbon  needed  for  the  reduction.  The  calculation  of 
the  amount  of  carbon  needed  for  the  reduction  of  the  oxide  is  not 
an  easy  matter,  for,  as  has  been  pointed  out  by  Richards,  in  calcu- 
lating the  amount  of  carbon  necessary  to  reduce  the  oxide  of  iron 
there  is  no  way  of  knowing  what  proportion  of  carbon  will  form  CO 
and  what  proporticm  CO2.  The  amount  of  each  that  will  be  formed 
depends  upon  the  temperature,  CO  being  almost  the  only  product 
that  is  formed  at  a  high  temperature,  whereas  CO,  is  fiM'med  in 
increasing  quantities  as  the  temperature  decreases,  the  reactions  being 
represented  as  follows: 

F©,0,4-3C  =  Fe,+300  ' 

FeaQi-l-20  ==  Fe,+00+CO. 

From  these  equations  we  note  that  if  the  gaseous  product  of  the 
reduction  is  all  CO,  not  more  than  one-third  as  much  carbon  is  re- 
quired for  the  reduction  as  is  required  in  the  case  of  blast-furnace 
practice.  Yngstrom  in  his  calculations  assumes  that  when  carbon 
combines  with  oxygen  in  the  electric  furnace  a  mixture  is  formed 
that  contains  30  per  cent  (by  volume)  of  COj,  and  on  this  basis  he 
calculates  the  carbon  necessary  for  the  reduction  of  the  iron  oxides 
present  and  the  subsequent  development  of  heat  by  the  formation 
of  CO  and  COj  by  the  following  equation : 

14Fe2O.+30O  =  12CO,-M80O-|-28Fe 

In  his  computations  he  uses  the  following  theoretical  values : 

To  reduce  1  kg.  of  Fe  from  FekO«  there  Is  required  1,650  calorlea 
To  reduce  1  kg.  of  Fe  from  FeiOs  there  Is  required  1,800  calories. 
To  reduce  1  kg.  of  Si  from  SiOs  there  Is  required  7,830  calories. 
By  oxidation  of  1  kg.  of  C  to  COa  there  is  developed  8,080  calories. 
By  oxidation  of  1  kg.  of  C  to  CO  there  is  developed  2,470  calorlea 
1  kilowatt-hour  correetponds  to  857  calories. 

1  kg.  of  pig  iron  requries  for  melting  and  superheating -280  calories. 
1  kg.  of  slag  (monosilicates)  requires  595  calories. 

As  a  result  of  his  calculations  it  is  seen  that  for  the  production  of 
1  ton  of  pig  iron  containing  3  per  cent  of  carbon,  1  per  cent  of  silicon, 
96  per  cent  of  iron,  and  traces  of  manganese,  phosphorus,  and  sul- 
phur, made  from  a  charge  containing  60  per  cent  iron  in  the  form  of 
Fe304  and  with  the  escaping  gases  containing  30  per  cent  of  CO,, 
248  kg.  of  carbon,  or  292  kg.  of  coke,  and  1,460  kilowatt-hours  would 
be  required,  which  would  correspond  to  4.4  tons  of  pig  iron  per  horse- 
power year  of  366  days. 

The  production  of  this  amount  of  iron  per  kilowatt-year  has  not 
been  attained  in  actual  practice,  for,  according  to  the  latest  reports 
from  Trollhattan,  only  3.94  tons  is  produced  per  kilowatt-year.  At 
this  point  it  may  be  interesting  to  compare  the  number  of  heat 
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calories  computed  by  Yngstrom  as  being  necessary  to  produce  1  ton 
of  pig  iron  with  the  number  that  can  be  calculated  from  Junge- 
HermsdorTs  ^Heat  Balance  of  a  Blast  Furnace  of  250-ton  Capac- 
ity." A  furnace  producing  250  tons  in  24  hours  will  produce,  in 
round  numbers,  10  tons  an  hour,  and  as  10  tons  of  coke  is  needed  per 
hour,  this  would  practically  correspond  to  1  ton  of  coke  for  each  ton 
of  iron  produced. 

One  ton  of  coke  is  equivalent  to  1,000  kg.,  and  as  1.18  kg.  of  coke  is 
equivalent  to  1  kg.  of  pure  carbon,  1  ton  of  coke  is  equivalent  to 
practically  850  kg.  of  pure  carbon.  If  4,153  kilogram-calories,  as  esti- 
mated by  Yngstrom,  be  taken  as  the  number  of  calories  that  are  given 
off  when  1  kg.  of  carbon  combines  with  oxygen,  forming  a  mixture  that 
contains  30  per  cent  (by  volume)  of  COj  (0.3X8,080+0.7X2,470= 
4,153),  the  heat  necessary  for  producing  1  ton  of  pig  iron  in 
the  blast  furnace  is  850X4,153  =  3,530,050  calories.  As  2,121,284 
calories  represents  the  amount  of  heat  that  is  necessary  to  produce  1 
ton  of  pig  in  the  electric  furnace,  there  is  a  difference  of  1,408,766 
calories  between  the  heat  necessary  for  producing  1  ton  of  pig  iron 
in  the  blast  furnace  and  that  required  for  producing  1  ton  of  pig  iron 
in  the  electric  furnace. 

PROBIiEMS  IN  THE  ELECTRIC  SMELTING  OF  IRON  ORES. 

Having  thus  traced  the  history  and  evolution  of  the  electric  pig- 
iron  furnace  up  to  the  present  time,  and  having  stated  the  funda- 
mental chemical  principles  upon  which  the  reduction  of  iron  is  based, 
the  authors  will  now  briefly  consider  some  of  the  difficulties  that  had 
to  be  overcome  in  order  to  bring  th^  Swedish  type  of  furnace  up  to 
its  present  stage  of  development  and  some  of  the  problems  that  yet 
remain  to  be  solved, 

EA&LY  DITFICirLTIES. 

An  inspection  of  Harmet's  drawings,  and  of  the  drawings  of  prac- 
tically all  others  who  gave  their  attention  to  the  development  of  an 
electric  furnace  for  the  reduction  of  iron  ores,  shows  that  the  first 
idea  was  to  construct  a  shaft  similar  to  a  blast-furnace  shaft,  and 
then  to  substitute  electrodes  for  tuyeres.  This  seemed  feasible,  but 
in  practice  the  furnace  wall  in  the  neighborhood  of  the  electrodes 
proved  to  be  short  lived.  Water  cooling  did  not  obviate  this  diffi- 
culty, but  rather  tended  to  increase  it,  due  to  jackets  burning  out  and 
to  other  reasons.  As  was  early  observed  by  H6roult,  the  proper  way 
to  maintain  the  walls  of  an  electric  furnace  crucible  is  to  remove 
the  electrodes  as  far  as  possible  from  the  side  walls.  In  the  develop- 
ment of  the  furnace  in  California  and  in  Sweden  it  was  found  neces- 
sary not  only  to  do  this,  but  also  to  keep  the  charge  as  far  as  possible 
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from  the  roof  of  the  crucible,  as  otherwise  the  roof  was  short  lived 
owing  to  the  intense  local  heat  generated  at  the  point  where  the  elec- 
trodes enter  the  charge.  In  overcoming  this  most  serious  difficulty 
the  present  shape  of  the  roof  of  the  crucible  and  the  manner  in  whidi 
the  electrodes  are  introduced  into  the  crucible  have  been  evolved.  As 
a  further  protection  to  the  roof  of  the  crucible,  a  part  of  the  gases 
that  were  escaping  from  the  top  of  the  shaft,  as  previously  stated, 
was  returned  to  the  crucible  in  order  to  cool  the  walls,  as  well  as  to 
assist  in  the  reduction  of  the  charge. 

ELECTRODE  PROBLEM. 

Although  the  Swedish  experimenters  did  not  have  so  much  trouble 
with  electrodes,  in  California  the  difficulty  of  procuring  suitable 
electrodes  greatly  interfered  with  the  progress  of  the  work.  When 
experiments  were  begun  in  California  the  manufacturers  of  elec- 
trodes in  this  country  had  not  previously  been  required  to  furnish 
electrodes  of  such  large  size,  namely,  about  20  inches  square  and 
about  72  inches  long.  Of  those  first  furnished,  that  part  of  the 
electrode  projecting  into  the  crucible  would  either  break  off  com- 
pletely after  it  became  heated,  or  else  would  spall  off  in  large  chunks 
and  give  trouble  in  operating  the  furnace.  That  others  also  en- 
countered this  difficulty  is  evident  from  the  following  quotation 
from  a  paper  ^  presented  by  W.  B.  Walker  at  the  April,  1912,  meeting 
of  the  American  Iron  and  Steel  Institute : 

Our  problems — mechanical,  metallurgical,  and  otherwise — proved  many,  and 
our  experience  soon  demonstrated  that  the  conditions  surrounding  the  successful 
operation  of  a  large  electric  furnace  were  in  many  respects  entirely  different 
from  those  inyolved  in  the  use  of  smaller  unita  In  Illustration  the  demands  of 
a  15-ton  electric  furnace  proved  to  be  far  in  advance  of  the  art  of  manufactur- 
ing electrodes.  Our  necessities  represented  a  requirement  that  the  electrode 
manufacturers  of  America  and  Europe  had  not  been  called  upon  to  meet,  and 
it  took  much  time  and  money  before  there  was  finally  accomplished  the  20-inch 
round  amorphousKiarbon  electrode  that  is  now  being  used  at  South  Chicago. 

At  the  plant  of  the  Noble  Electric  Steel  Co.  it  was  finally  decided 
to  try  graphite  electrodes.  These  worked  satisfactorily  in  all  re- 
spects except  that  on  account  of  the  angle  at  which  it  was  necessary 
to  insert  them  in  the  crucible  they  were  subjected  to  a  severe  strain 
which  caused  them  to  break  at  the  threaded  joints.  The  electrode 
problem  is,  however,  no  longer  a  serious  matter.  As  stated  by 
Walker,  the  20-inch  round  electrodes  now  in  use  at  South  Chicago 
give  satisfaction,  and  the  engineers  at  Trollhattan  also  report  that 
the  large  carbon  electrodes  of  about  the  same  size  as  those  used  at 
South  Chicago  meet  their  requirements. 

«  Walker,  W.  R.,  Electric  famace  as  a  possible  means  of  producing  an  Improved  qoaUty 
of  steel :  MetalL  Cbem.  Bug.,  vol.  10,  1912,  p.  371. 
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UNSOLVED  PBOBLEMS. 

In  connection  with  the  unsolved  problems  in  the  electric  smelting 
of  iron  ores  it  may  be  well  to  take  up  first  a  discussion  of  the  results 
obtained  at  Trollhattan  and  in  California. 

A  most  careful  record  was  kept  of  the  work  done  at  Trollhattan 
during  the  period  November  15,  1910,  to  April,  1911,  and  the  data 
thus  obtained  were  incorporated  in  a  report  submitted  to  Jern- 
Kontoret  by  two  of  its  engineers — J.  A.  Leffler  and  E.  Odelberg. 
The  essential  parts  of  the  report  have  been  translated  by  Dellwik.« 
This  report  has  been  ably  discussed  by  Robertson  *  in  a  paper  that 
he  presented  before  the  Toronto  meeting  of  the  American  Electro- 
chemical Society,  September,  1911.  The  work  at  Trollhattan  is  also 
the  subject  of  a  paper  by  Frick.*^  In  this  paper  Frick  also  discusses 
the  results  obtained  in  California.  Some  of  the  points  brought  out 
in  his  paper  are  discussed  below. 

VOLUME  OF  SKAPT  AS  COMPARED  WITH  CAPACITT  OF  FURNACE. 

Theoretically,  the  volume  of  the  shaft  of  an  electric  furnace  should 
be  great  enough  to  permit  the  practically  complete  reduction  of  the 
ore  -before  it  enters  the  crucible.  In  other  words,  the  ideal  condition 
in  electric  reduction  furnace  work  would  be  to  have  the  charge  in 
such  a  condition  as  to  require  only  melting  by  the  time  it  comes  into 
proximity  with  the  electrodes.  So  far  the  degree  of  reduction  that 
has  taken  place  in  the  shaft  of  the  electric  furnace  has  varied  all  the 
way  from  nothing  up  to  a  considerable  proportion  less  than  complete 
reduction.  Granted  that  the  size  of  the  shaft  at  Trollhattan  has  been 
properly  calculated,  and  that  the  ratio  of  the  volume  of  charge  in  24 
hours  to  the  volume  of  the  furnace  should  be  1 :  55,  then  in  order  to 
insure  the  best  economical  working  conditions  of  the  furnace,  the 
reduction  of  the  charge  in  the  shaft  must  take  place  in  the  proper 
maimer. 

REDUCTION  OF  ORB  IN  SHAFT. 

In  an  ordinary  blast  furnace  the  weight  of  the  gases  produced  ex  ■ 
oeeds  the  weight  of  the  charge  by  30  to  50  per  cent,  whereas  in  elec- 
tric-furnace reduction  the  gases  evolved  amount  to  only  about  40 
per  cent,  by  weight,  of  the  charge.  In  other  words,  in  the  blast  fur- 
nace three  to  four  times  as  much  gas  is  given  off  in  the  production  of 
1  ton  of  iron  as  is  given  off  in  the  production  of  1  ton  of  iron  in  the 
electric  furnace.  Moreover,  the  temperature  of  the  gas  as  it  leaves 
the  vicinity  of  the  tuyeres  may  be  as  high  as  1,600°  C,  whereas  the 

*  Dellwik,  Cm  Electric  Iron  smelting  at  TroUhlttan,  Sweden :  Iron  and  Coal  Trades 
Rev.,  Tol.  82,  Jane  9,  1911,  pp.  957-962. 

*  Robertson,  T.  D.,  Recent  progress  In  electrical  iron  smelting  In  Sweden :  Trans.  Am. 
Electrochem.  Soc.,  vol.  20,  1911,  p.  375. 

*  Frlcky  Otto,  Electric  reduction  of  Iron  ores  with  special  reference  to  results  obtained 
In  Electro-Metals  fomace  at  TrolllOlttan,  Sweden,  and  Noble  furnace  at  Heroult,  Cal, : 
M«talL  Chem.  Bng.,  yoL  9,  Dec,  1911,  p.  681. 

44710**— Bull.  67—16 3 
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highest  temperature  stated  to  have  been  attained  at  the  lower  end  of 
the  stack  in  the  work  at  TroUhiittan  was  965°.  Granting  that  the 
temperature  of  the  gas  as  it  enters  the  stack  may  be  even  1,000°,  in- 
asmuch as  the  weight  of  the  gases  produced  is  only  about  40  per  cent 
of  the  weight  of  the  charge,  the  charge  would  not  be  heated  to  more 
than  about  360°  C,  as  pointed  out  by  Frick,  owing  to  the  fact  that 
the  specific  heat  of  the  gas  and  that  of  the  charge  are  about  the  same. 
For  this  reason  complete  reduction  in  the  shaft  can  not  be  accom- 
plished solely  by  the  heat  from  the  gases  generated  in  the  regular 
manner.  In  other  words,  the  shaft  acts  merely  as  a  preheater,  most 
of  the  reduction  taking  place  in  the  crucible  by  means  of  solid  carbon. 
Thus  it  is  seen  that  an  electric  furnace  may  be  operated  in  one  of 
two  ways :  The  ore  may  be  reduced  in  the  crucible  by  means  of  solid 
carbon,  with  no  attempt  at  reduction  in  the  stack,  as  is  done  in  Cal- 
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Fiouax  14. — Cunrei  showing  Yariatlon  of  fael  reqaired  and  of  heat  evolved. 

ifomia  at  the  present  time  by  the  Noble  Electric  Steel  Co.,  or  there 
may  be  part  or  complete  reduction  in  the  stack,  this  being  the  princi- 
ple on  which  the  Swedish  furnaces  are  operated. 

As  is  well  known,  a  method  that  may  seem  best  theoretically  is  not 
always  best  in  practice.  In  this  instance  it  is  not  possible  to  judge  by 
results,  as  sufficient  data  are  not  available,  and  so  the  matter  can 
be  viewed  only  theoretically.  In  the  reduction  of  any  given  iron  ore, 
a  definite  amount  of  oxygen  must  be  removed  for  every  ton  of  iron 
obtained.  Therefore  it  would  theoretically  be  best  to  remove  all  the 
oxygen  in  the  form  of  CO.  However,  as  the  oxidizing  action  of  CO, 
gas  varies  with  different  temperatures,  such  removal  is  not  possible, 
as  experiments  show  that  the  ratio  of  COj  to  CO  should  not  be 
greater  than  1 : 1,  whereas  1 : 2  is  the  determined  ratio  in  which  they 
are  usually  present  in  blast-furnace  gases.    The  curves  in  figure  14, 
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the  work  of  Prof.  Richards,  show  that  in  electric-furnace  work  the 
greater  the  proportion  of  CO,  in  the  gas  the  less  is  the  amount  of 
carbon  required  to  remove  the  oxygen  from  the  ore.  Figure  15  (also 
prepared  by  Richards)  shows  that  the  consumption  of  electrical 
energy  is  proportional  to  the  production  of  CO.  Therefore,  judging 
from  deductions  made  from  the  curves,  the  efficiency  of  the  electric 
furnace  will  be  increased  as  reduction  is  effected  by  the  gases  in  the 
shaft,  and  the  most  desirable  ratio  of  CO,  to  CO  in  the  escaping  gases 
is  1 : 1.  If  this  be  granted,  it  would  seem  that  reduction  in  the  shaft 
is  necessary,  and  the  problem  becomes  how  to  effect  the  most  satis- 
factory reduction  in  the  shaft. 
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FiGUBB  15. — Curves  iliowliig  variation  of  power  required  according  to  the  compoeltion 

of  the  waste  gases. 

The  essential  factors  in  accomplishing  reduction  in  the  shaft  are 
temperature,  time,  and  the  proportion  of  CO  in  the  gas. 

As  has  just  been  pointed  out,  the  volume  of  the  gas  generated  by 
the  reduction  of  the  oxides  is  not  sufficient  to  maintain  a  reduction 
temperature  in  the  stack.  As  a  remedy  for  this  difficulty  the  present 
system  of  gas  circulation  was  adopted.  The  system  is  briefly  dis- 
cussed below. 

OAS  CIBCULATION. 


As  has  been  pointed  out  by  Frick,®  the  idea  of  using  circulating  gas 
in  the  electric  furnace  was  conceived  by  Harmet  and  incorporated 
by  him  in  his  papers  *  on  the  reduction  of  iron  ores  in  the  electric 
furnace. 

•  Frlck,  Otto,  Electric  reduction  of  Iron  ores,  with  special  reference  to  results  obtained 
in  Electro-Metals  furnace  at  TroUh&ttan,  Sweden,  and  Noble  furnace  at  Heroult,  Cal. : 
Metall.  Chem.  Bug.,  vol.  9,  1911,  p.  031. 

*  Report  of  the  commission  appointed  to  Investigate  the  different  electrothermlc 
processes  for  the  smelting  of  iron  ores  and  the  making  of  steel  In  Europe :  Mines  Branch, 
Department  of  the  Interior,  Canada.  1994,  pp.  124,  189. 
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METHOD  OF  TTTIUZATIOK. 

At  present  gas  circulation  is  used  in  the  Swedish  type  of  furnace 
in  order  to  cool  the  superheated  brickwork  of  the  crucible  and  to 
carry  up  through  the  stack  a  volume  of  gas  that  is  large  enough  and 
hot  enough  to  bring  about  reduction  in  the  stack. 

This  method  has  been  the  subject  of  a  great  deal  of  discussion. 

OBJECTIONS. 

The  following  are  the  principal  objections  to  the  circulation  of  gas 
in  the  electric  furnace: 

(1)  The  moisture  of  the  charge,  the  CO,  of  the  flux,  and  the  CO, 
gas  naturally  produced  in  the  furnace  are  returned  in  a  large  part 
to  the  crucible  and  react  on  the  unconsumed  carbon  by  the  reactions — 

C0,+C=2C0 
HiO+C=H.+00. 

(2)  The  reactions  xioted  materially  cool  the  smelting  zone  of  the 
furnace,  which  is  its  most  vital  working  part. 

(3)  The  system  is  cumbersome  and  expensive,  and  soon  reaches 
the  maximum  of  useful  effect. 

In  order  to  overcome  the  objections  mentioned  it  has  been  proposed 
to  keep  the  ore  in  the  shaft  at  a  low  red  heat,  and  then  to  allow  the 
CO  gas  produced  by  reduction  in  the  crucible  to  rise  slowly  up 
through  the  charge,  thus  giving  it  the  best  opportunity  of  producing 
the  maximum  amount  of  CO,.  In  the  circulation  of  gas,  as  has  been 
pointed  out  by  Richards,^  it  is  not  the  increased  volume  of  the  cir- 
culating gas  that  performs  the  reduction,  as  it  is  evident  that  when 
the  amount  of  gas  passing  through  the  furnace  is  increased  two  or 
three  times  its  velocity  is  also  increased  to  that  extent,  and  therefore 
its  contact  with  the  ore  is  only  one-half  to  one-third  as  long.  Such 
being  the  case,  the  only  value  of  circulating  a  part  of  the  gas  escap- 
ing from  the  top  of  the  shaft,  so  far  as  the  problem  of  reduction  is 
concerned,  is  that  the  charge  in  the  shaft  is  kept  at  the  temperature 
necessary  for  reduction,  but,  on  the  other  hand,  the  CO,  returned  to 
the  crucible  is  reduced  by  C  to  CO,  and  thus  one  aim  of  electric- 
furnace  reduction  is  defeated,  namely,  the  removal  of  the  oxygen 
from  the  ore  with  a  minimum  amount  of  carbon. 

Nevertheless  there  are  objections  to  the  methods  that  have  been 
proposed  for  obviating  the  difficulties  connected  with  the  present 
method  of  gas  circulation  which  may  be  briefly  stated  as  follows : 

(1)  It  would  probably  be  difficult  to  heat  successfully  the  charge 
in  the  stack  by  means  of  surface  electrodes  embedded  in  the  walls 
of  the  shaft. 

(2)  As  at  a  low  red  heat  (say  480°  C.)  reduction  takes  place 
slowly,  the  volume  in  the  shaft  would  have  to  be  large  in  order  to 

•Richards,  J.  W.,  Gas  circulation  in  electrical  redaction  famaces:  Trans.  Am.  Elec« 

trochem,  Soc.  vol.  21,  1912,  p.  403. 
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give  the  charge  time  enough  to  be  reduced  in  passing  through  the 
shaft 

(3)  The  use  of  burnt  limestone,  where  shaft  reduction  is  at- 
tempted, would  introduce  an  unnecessarily  large  quantity  of  fine 
material  into  the  charge. 

(4)  The  water-cooled  plates  in  the  arch  of  the  crucible,  although 
useful,  would  not  of  themselves  form  a  satisfactory  substitute  for 
the  introduction  of  cold  gas  beneath  the  roof  of  the  crucible. 

As  has  been  stated  by  Leffler,'  one  of  the  engineers  of  the  Jem- 
Kontoret,  gas  circulation  would  be  abandoned  for  a  more  simple 
and  practicable  method  if  such  should  be  discovered. 

However,  the  use  of  gas  circulation  at  TroUhattan  seems  to  be 
necessary,  at  least  with  the  Swedish  type  of  furnace.  If  this  be  true, 
efforts  to  improve  the  system  ought  to  be  directed  somewhat  along 
the  following  lines : 

As  is  now  done  at  TroUhattan,  that  part  of  the  gas  from  the 
top  of  the  shaft  that  is  to  be  circulated  could  be  drawn  through  a 
"  Cottrell  system  "  for  the  removal  of  the  solid  particles  of  ore  and 
flux,  by  means  of  the  circulating  fan,  and  forced  through  a  regen- 
erator filled  with  coke  heated  electrically  to  such  a  temperature  as 
to  bring  about  the  reduction  of  the  CO2  to  CO.  The  gas  at  the  same 
time  would  be  heated,  but  not  to  a  temperature  too  high  to  absorb 
heat  as  it  entered  the  crucible,  and  would  thus  pass  up  into  the 
shaft  at  such  a  temperature  as  to  readily  effect  reduction.  Fart  of 
the  excess  waste  gases  could  then  be  burned  in  a  jacket  around  the 
shaft  of  the  furnace  so  as  to  prevent  radiation  losses;  the  waste  gases 
from  the  jacket  could  be  passed  to  a  preheater  and  completely 
burned,  whereby  the  charge,  minus  the  reducing  agent,  would  be 
dried  and  raised  to  a  temperature  high  enough  to  admit  of  the  ore 
being  reduced  as  soon  as  or  soon  after  it  was  introduced  into  the 
stack. 

The  obvious  advantages  of  such  a  system  would  be  the  doing  away 
with  the  introduction  of  water  vapor  into  the  gas,  as  is  done  by  the 
present  system  of  scrubbing  the  gas;  the  removal  of  CO^  from  the 
gas;  and  the  raising  of  the  temperature  of  the  circulating  gas. 

Although  the  system  as  above  outlined  is  just  as  cumbersome  and 
expensive  as  the  present  method,  it  would  probably  be  more  effective. 

OTHEB  METHODS  SXrGGESTED. 

Some  of  the  methods  suggested  as  improvements  are : 

(1)   CcHcining  the  limestone  outside  of  the  furnace, — This  subject 

is  discussed  in  a  later  section  dealing  with  the  comparison  of  the 

Swedish  and  Califomian  types  of  furnaces. 

•  Leffler,  J.  A.,  In  discussion  of  Richards's  paper  on  "  Gas  Circulation  in  Blectrlcal 
BednctioQ  Furnaces  " :  Trans.  Am.  Electrochem.  Soc,  vol.  21,  1912,  p.  412. 
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(2)  Preheating  the  ore. — Judging  by  experience  gained  in  Cali- 
fornia, the  writer  believes  that  the  preheating  of  the  charge  is  bene- 
ficial, for  the  following  reasons:  {a)  It  dries  the  charge  and  thus 
permits  a  more  accurate  weighing  of  the  same,  which  is  especially 
important  in  the  electric  reduction  furnaces;  {h)  the  initial  tempera- 
ture of  the  charge  on  entering  the  stack  is  thus  sufficiently  high  to 
permit  its  being  reduced  inunediately. 

(3)  Smeltmg  of  -fme  ores. — The  authors  are  privileged  to  quote 
from  a  communication  from  Electro-Metals,  Ltd.,  in  regard  to  this 
matter,  as  follows : 

As  was  explained  in  our  first  publication  on  this  subject,  the  object  of  this 
plant  [at  TroUhattan]  was  to  determine  the  relative  merits  of  electric  smelt- 
ing as  compared  with  ordinary  blagt-fnmace  smelting.  For  this  reason  the 
work  has  been  carried  out  under  widely  varying  conditions  and  with  different 
kinds  of  ore  and  fuel.  In  consequence  the  results  are  by  no  means  uniform 
and  scarcely  suitable  for  conclusions  based  on  the  average  figures. 

One  object  of  some  Importance  in  Sweden  was  to  determine  the  proportion 
of  ore  concentrates  which  could  be  used.  The  results  prove  that  a  large  pro- 
portion of  concentrates  is  detrimental  to  smooth  running  and  good  results. 

This  is  readily  understood  from  the  fact  that  only  about  one-third  as  much 
charcoal  Is  used  as  in  the  blast  furnace,  and  concentrates  therefore  have  an 
increased  tendency  to  choke  the  passage  of  the  gas. 

As  will  be  seen  from  the  above,  it  is  not  feasible  to  use  a  large  pro- 
portion of  fine  material  in  making  up  the  charge  for  the  electric 
furnace.  This  limitation,  however,  does  not  prevent  the  smelting  of 
fine  ores,  for  they  may  be  sintered. 

(4)  Sintering. — ^The  advantages  derived  from  sintering  in  elec- 
tric-furnace work  would  be  as  follows:  (a)  The  fine  material  would 
be  caked  in  lumps,  permitting  free  passage  of  the  gases  up  through 
the  charge  in  the  shaft,  and  as  the  lumps  would  be  porous  they  would 
be  readily  reduced,  and  (6)  the  fine  ore  would  be  preheated;  that  is, 
the  hot  sintered  ore  could  be  charged  directiy  into  the  shaft  at  reduc- 
tion temperature. 

(5)  Increasing  the  size  of  the  wnit. — ^The  electric  reduction  fur- 
naces now  in  operation  vary  in  size  as  regards  their  horsepower  from 
1,500  up  to  3,500.  The  largest  yet  designed  requires  7,500  kilowatts 
and  is  at  a  plant  in  Sweden.  As  can  be  readily  understood,  it  is  im- 
portant that  the  size  of  the  unit  be  made  as  large  as  possible,  and  it 
is  quite  probable  that  larger  furnaces  will  be  built. 

(6)  IncreoMng  the  generci  e^dency  of  the  furnace. — Improve- 
ments will  probably  be  along  the  following  lines:  (a)  The  utiliza- 
tion of  the  waste  gases;  (b)  the  securing  of  a  high-power  factor; 
(c)  the  correction  of  induction  losses;  and  (d)  the  perfecting  of  the 
single-phase  furnace  as  recommended  by  Catani.« 

«  Catani,  B.,  Large  electric  fumaces  in  the  electrometallurgy  or  Iron  end  steel :  Trans. 
Am.  Electrochem.  Soc.,  vol.  15,  1900,  p.  108. 
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STATUS    OF    TBDBS    IBON    INDUSTRY  IN  THE  "WESTERN 

STATES. 

At  the  present!  time  the  only  important  iron-reduction  plant  west 
of  the  Mississippi  Biver  is  at  Pueblo,  Colo.  The  plant  has  six  stacks, 
twelve  50-ton  open-hearth  furnaces,  two  15-ton  Bessemer  converters, 
four  400-ton  furnaces,  and  two  260-ton  furnaces.  That  there  are  no 
other  large  iron-reduction  plants  in  the  West  is  due  largely  to  the  fact 
that  there  is  lacking  in  that  part  of  the  country,  especially  in  Cali- 
fornia, the  grade  of  coal  necessary  for  making  a  suitable  metallurgi- 
cal coke.  Then,  too,  although  there  are  several  known  large  iron-ore 
deposits  scattered  throughout  the  Western  States,  not  much  attention 
has  in  the  past  been  paid  to  this  class  of  deposits. 

For  nearly  half  a  century  after  the  discovery  of  gold  in  Cali- 
fornia the  prospector  along  the  Pacific  coast  looked  for  gold-bearing 
rock  only.  In  recent  years  the  discovery  of  valuable  deposits  of 
copper  in  California  gave  the  prospector  the  copper  craze,  so  to 
speak.  In  prospecting  he  looked  for  iron  only  as  an  indication  of 
the  presence  of  copper;  that  is,  if  he  came  across  an  iron  deposit  he 
looked  upon  it  as  a  gossan  or  capping,  and  at  once  examined  it  for 
gold  and  copper,  as  his  experience  had  taught  him  that  gold  is 
frequently  found  near  the  surface  in  rock  of  similar  appearance 
and  copper  at  a  greater  depth.  It  is  well  known  that  there  are  many 
deposits  that  yield  oxidized  ores  above  water  level  and  sulphide.^ 
below,  so  it  is  easy  to  understand  why  the  prospector  should  havf^ 
mistaken  a  true  iron  deposit  for  a  deposit  of  the  nature  just  men* 
tioned.  Even  such  iron  ores  as  those  in  Shasta  County  were  never 
seriously  considered  as  such  by  prospectors.  The  miners  in  that  part 
of  the  country  commonly  believe  that  iron  indicates  the  presence  of 
copper,  and  they  insist  that  copper  will  be  found  below  the  iron. 

XBON-OBS  DEPOSITS  OK  THE  PACIFIG  COAST. 

As  above  stated,  it  has  long  been  known  that  there  are  large  de- 
posits of  iron  ore  in  Nevada,  Arizona,  and  California,  especially  in 
southern  California.  As  has  been  pointed  out  by  Jones,^  most  of  the 
present  known  deposits  of  the  Southwest  have  been  discovered  in 
places  where  there  has  been  more  or  less  erosion.  Owing  to  the 
erosion,  faces  of  ore  several  hundred  feet  in  height,  and  of  as  great 
or  greater  width,  are  shown  in  certain  intersecting  gulches.  Intru- 
sions in  limestone  beds  are  common  in  the  desert  regions  of  Arizona, 
western  Nevada,  and  California,  and,  as  Jones  states,  there  is  in  these 
regions  scarcely  a  range  of  this  nature  that  does  not  show  some 
ledges  of  iron  or  float  ore,  and  he  ventures  the  assertion  that  syste- 

*  Jones,  C.  C,  Iron  ores  of  the  southwest :  Paper  read  before  the  American  Mining 
CongresSp  September,  1910;  published  in  Mln.  and  Min.,  vol.  31,  April,  1911,  p.  674. 
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matic  prospecting  and  mining  would  unoover  as  great  bodies  of  ore 
as  have  been  already  accidentally  exposed  by  erosion. 

For  some  time  past  the  railway  and  oil  interests  of  California  have 
been  systematically  acquiring  iron-ore  holdings.  For  example,  Jones  ^ 
states  that  in  1911  the  Union  Oi^  Co.,  through  its  subsidiary  company, 
the  California  Industrial  Co.,  was  reported  to  hold  an  aggregate 
proven  tonnage  of  300,000,000  tons,  one-third  being  in  California 
and  two-tluirds  in  Lower  California,  Mexico.  This  company  has  ac- 
quired these  properties  for  the  reason  that  they  belijeve  the  problem 
of  using  oil  as  a  reducing  agent  will  ultimately  be  solved,  and  thus 
permit  the  establishment  of  an  iron  and  steel  industry  in  that  sec- 
tion of  the  country.  The  Southern  Pacific  Railroad  Co.,  operating 
under  the  name  of  the  Iron  Chief  Mining  Co.,  controls  several  de- 
posits throughout  the  State,  one  of  which  is  in  Riverside  County, 
some  140  miles  from  Los  Angeles.  Jones  ^  states  that  it  has  some 
30,000,000  tons  of  proven  ore  of  such  a  nature  that  it  can  be  mined 
cheaply.  The  average  analysis  of  the  ore  is  claimed  to  show  64 
per  cent  iron  and  phosphorus  within  the  Bessemer  limit. 

In  addition  to  these  deposits  Jones  also  mentioned  the  following: 
At  Scotts  Siding,  190  miles  east  of  Los  Angeles,  where  10,000,000 
tons  of  ore  have  been  blocked  out,  there  being  three  times  that 
quantity  of  ore  on  the  property;  in  the  Providence  Mountains, 
236  miles  from  Los  Angeles,  is  a  deposit  of  6,000,000  tons  of  soft 
hematite,  of  Bessemer  quality,  that  can  be  mined  with  a  steam  shovel ; 
12  miles  west  of  Silver  Lake  Station  and  230  mUes  east  of  Los  Angeles 
is  a  deposit  owned  by  the  Colorado  Fuel  &  Iron  Co.  that  it  states 
shows  over  13,000,000  tons  of  ore  that  can  be  mined  wi.th  steam  shovels. 
In  addition  to  the  deposits  named  there  are  the  Minarets  deposits  in 
Madera  County,  which  are  at  present  inaccessible,  being  about  80 
miles  from  the  railroad,  but  it  is  thought  that  a  railroad  line  will 
soon  be  built  into  this  district,  thus  making  them  accessible  both  to 
San  Francisco  and  Los  Angeles.  It  is  stated  that  this  is  one  of  the 
largest  deposits  of  iron  ore  to  be  found  anywhere  in  the  United 
States.  As  a  result  of  his  investigation  Jones  is  of  the  opinion 
that  there  is  200,000,000  tons  of  available  high-grade  ore  in  southern 
California  alone  within  300  miles  of  Los  Angeles,  and  that  the  ore 
can  be  laid  down  at  Los  Angeles  at  a  cost  of  $3.50  to  $4  per  ton. 
If  these  figures  are  correct,  there  is  a  basis  for  the  hope  that  an  iron 
industry  will  be  established  on  the  Pacific  coast,  provided  there  can 
be  found  a  commercially  feasible  process  that  will  permit  the  utiliza- 
tion for  metallurgical  purposes  of  those  fuels  that  are  available  in 
that  part  of  the  country. 

•Jones,  C.  C.»  Op.  cit.,  p.  53.  *  Jones,  C.  C^  Idem. 
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DEVELOPMENT   07   THE   ELECTBIC   BEDUCTION  FOBNACE  IN 

CALIFOENIA. 

QBE  DEPOSIT  OF  SHASTA  IRON   CO. 

For  30  years  or  more  a  company  known  as  the  Shasta  Iron  Co. 
has  owned  a  deposit  of  iron  ore  situated  about  7  miles  from  the 
mouth  of  the  Pitt  River,  in  Shasta  County,  Cal.  This  ore  is  a  high- 
grade  magnetite.  An  average  of  a  large  number  of  analyses  gives 
the  following  percentages : 

Average  of  analyses  of  magnetite  from  Shasta  County,  Cal, 

Per  cent. 

FeiO* 89.4 

FetOa 7.3 

Fe e0.90 

MgO .  10 

MnO .la 

SiC 2.40 

P .  Oil 

S .  009 

The  ore  is  found  near  a  contact  between  limestone  and  diorite. 
The  ore  body  is  markedly  uniform,  a  series  of  20  samples  taken  by 
the  writer  over  a  cut  60  by  40  feet  giving  the  following  iron  content : 

Percent. 

Maximnm 70. 5 

Minimum 68. 8 

Mean 60. 7 

The  limestone  is  also  of  an  excellent  quality ;  an  average  analysis  is 
as  follows  : 

Average  of  analyses  of  limestone  from  Shasta  County,  Cal. 

Per  cent. 

SiO, 1.2 

AliO. .5 

MgO . 1. 1 

OnO 53. 8 

FeO .2 

The  percentage  of  CaO  is  equivalent  to  about  98  per  cent  calcium 
carbonate. 

Although  the  Shasta  Iron  Co.  had  previously  planned  to  make  pig 
iron  from  this  ore,  nothing  definite  was  done  until  the  summer  of 
1906.  At  this  time  the  possibility  of  smelting  the  ore  by  electricity 
was  brought  to  the  attention  of  H.  H.  Noble,  president  of  the  North- 
em  California  Power  Co.  Owing  to  H^roult's  connection  with  the 
experimental  work  that  had  been  done  at  Sault  Ste.  Marie,  he  was 
commissioned  to  construct  a  plant  for  the  purpose  of  treating  the 
ores  above  mentioned.  The  place  selected  was  at  a  point  on  Pitt 
River,  near  the  mines.  The  place  was  named  Heroult,  and  is  still 
known  by  that  name. 
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FIBST  SXP£RIM£NTAL  BLEXTTBIC   REDUCTION   FURNACS. 

In  July,  1907,  the  first  furnace  having  been  completed,  experi- 
mental work  was  begun.  This  furnace  was  a  1,500-kilowatt,  three- 
phase  furnace  of  the  resistance  type.  It  soon  presented  mechanical 
difficulties  that  made  its  commercial  use  impracticable,  and  so  it  was 
closed.  This  furnace  is  shown  in  figure  16.  In  construction  the 
crucible  resembled  a  long,  elliptical-shaped  iron  box.  The  bottom 
was  made  of  heavy  cast-iron  plates,  into  which  had  been  cast  cast- 
iron  lugs  or  pins,  and  upon  the  iron  plates  was  tamped  a  bottom  made 
of  carbon  paste.    The  bottom  plates  were  connected  with  the  bus 

bars  in  such  a  manner  as  to 
form  a  neutral  in  the  three- 
phase  system. 

The  electrodes  passed 
through  the  roof,  as  shown 
in  the  figure.  They  were 
suspended  from  copper  hold- 
ers  which  were  water 
jacketed.  The  charge  was 
fed  into  the  crucible  through 
the  pipes,  &,  and  the  gases 
from  the  crucible  passed  up 
around  b  into  a  to  preheat 
the  charge  in  h  by  burning 
the  gases  around  &,  air  being 
admitted  for  that  purpose 
through  slots  in  the  outer 
pipe  just  above  the  roof  of 
the     crucible.     The     pipes, 

FiGUBB    16. — Hfroult    1,500-kiiowatt,    three-phase    however     proved    tOO    small 

redaction  furnace.  ■•    .1     '   i  •      ^1  1     ' 

and  the  charge  m  them  be- 
came so  hot  as  to  hang,  and  so  they  had  to  be  discarded.  It  was 
also  impossible  to  maintain  a  roof  over  the  crucible,  and  so  the 
furnace  was  finally  operated  as  an  open-top  furnace.  Several  tons 
of  excellent  foundry  iron  was  made  in  this  furnace,  and  later  it  was 
used  for  making  ferrosilicon,  but  was  finally  closed  and  removed  in 
order  to  make  room  for  the  type  of  furnace  subsequently  adopted. 


SECOND   AND  THIRD  EXPERIMENTAL   FURNACES. 

After  the  closing  of  this  furnace  experimental  work  was  conducted 
in  a  160-kilowatt  single-phase  furnace,  and,  using  the  results  ob- 
tained in  this  furnace  and  its  method  of  operation  as  a  basb,  a  second 
1,500-kilowatt  three-phase  furnace  was  designed  and  built.    This 
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foTDace  is  shown  in  figure  17.    Above  the  crucible  was  a  superposed 
shaft  resembling  that  of  an  ordinary  blast  furnace. 

In  the  operation  of  the  furnace  the  ore,  mixed  with  the  proper 
proportion  of  flux,  was  fed  into  a  preheater,  6,  that  was  heated  by 
waste  gases  from  the  combustion  chamber  k  at  the  top  of  the 
shaft.  The  gases  entered  the  base  of  the  preheater  through  a  Sue, 
e,  from  an  annular  chamber  surrounding  the  top  of  the  shaft 
and  communicating  with 
the  chamber  k  through 
openings. 

A  mechanically  oper- 
ated scale  car,  g,  moved 
on  a  circular  track  around 
the  top  of  the  stack  and 
received  6rst  a  weighed 
charge  of  ore  and  flux 
fnmi  the  preheater  h 
and  then  a  weighed  charge 
of  charcoal  frota  the  char- 
coal hopper  c,  deliver- 
ing the  charges  alternately 
into  the  furnace. 

The  charge  was  kept  at 
about  the  height  of  the 
irregular  line  shown  in  the 
shaft.  Above  the  charge 
were  small  openings  in 
the  shaft  with  suitable 
valves  for  admitting  the 
requisite  amount  of  air  to 
bum  the  gases  resulting 
from  the  reduction  of  the 
ore  in  the  lower  part  of 
the  stack,  thus  still  fur- 
ther heating  the  charge; 
as  above  stated,  the  waste  p'"'dm  it.— awona  Leoo-uiowatt,  umc-phaK  wduc- 

,,  ,  tlon  furnace  built  at  Heroult,  CaL 

gaaes  were  then  passed  up 

through  the  preheater  b,  thus  preheating  and  drying  the  ore  before 

it  was  charged  into  the  furnace. 

The  electrodes,  six  in  number,  were  spaced  equidistant  around  the 
furnace,  so  that  the  current  passing  between  them  melted  the  charge, 
and  the  molten  metal  and  slag  were  collected  in  the  crucible,  from 
which  they  were  drawn  as  in  ordinary  blast-furnace  work.  The  tap 
holes  were  arranged  at  different  levels,  so  that  the  crucible  might  be 
partly  or  completely  emptied,  as  desired. 
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The  electrical  equipment  consisted  of  three  oil-insulated,  water- 
cooled  transformers,  having  a  rated  capacity  of  750  kilowatts  each, 
60  cycles,  2,200  volts  primary,  and  a  secondary  range  of  35  to  75 
volts,  constant  output  The  secondary  current  varied  from  10,000 
to  21,400  amperes. 

The  range  in  voltage  was  controlled  by  a  dial  switch  in  the  pri- 
mary circuit,  giving  steps  of  about  3  volts  in  the  secondary.  Tlie 
efficiency  was  98.6  per  cent  at  75  volts  on  the  secondary,  guaranteed 
for  25  per  cent  overload  for  two  hours.  The  rise  in  temperature  at 
full  load,  by  test,  was  35**  C. 

The  generation  of  energy  in  the  furnace  was,  therefore,  controlled 
externally  without  movement  of  the  electrodes,  whose  position  was 
changed  only  to  accommodate  their  wear  in  the  crucible. 

Many  experimental  runs  were  conducted  in  this  furnace,  and 
many  changes  and  alterations  were  made  in  the  construction  and 
shape  of  the  roof  of  the  crucible,  the  manner  of  connecting  the 
electrodes,  the  height  and  volume  of  the  stack,  the  method  of  pre- 
heating the  charge,  the  circulation  of  gases  through  the  crucible  and 
up  through  the  shaft,  and  the  like. 

Although  several  hundred  tons  of  splendid  foundry  iron  was  made 
in  this  furnace,  much  of  the  product  was  white  iron,  for  the  pro- 
duction of  which  this  type  of  furnace  seems  best  suited,  as  has  also 
been  ascertained  at  Trollhattan. 

PRESENT  TTPB  OF  FUBNAGE. 

In  the  spring  of  1911,  owing  to  electrode  troubles  and  to  the 
irregular  composition  of  the  iron  produced,  the  company  decided  to 
abandon  the  type  of  furnace  that  had  been  developed  and  to  attempt 
to  evolve  a  furnace  in  which  iron  could  be  produced  that  would  better 
meet  the  requirements  of  the  Pacific  coast  foundries.  In  this  con- 
nection it  may  be  stated  that  scrap  iron  is  largely  employed  in  that 
part  of  the  country  for  making  all  grades  of  castings  and  that  the 
sulphur,  phosphorus,  and  combined-carbon  content  of  many  of  the 
castings  is  so  high  as  to  impart  very  undesirable  qualities  to  the 
finished  product  For  this  reason  the  Pacific  coast  foundrjrmen 
have  been  in  need  of  an  iron  high  in  graphitic  carbon  and  silicon 
and  low  in  other  impurities.  The  Noble  Electric  Steel  Co.  states 
that  it  is  able  to  produce  such  a  grade  of  iron  in  the  tjrpe  of  furnace 
now  being  used,  and  that  the  following  is  a  fair  average  analysis 
of  the  pig  iron  that  it  is  producing : 

Percent. 

Si 3. 64 

S .00 

P .02 

Combined  carbon .00 

Total  carbon 3.58 
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The  details  of  the  construction  of  this  furnace  have  been  furnished 
by  the  company,  and  are  presented  below,  being  taken  chiefly  from 
a  recent  article  by  Van  Norden :  • 

THE  PLAlfT. 

The  furnace  is  housed  in  a  heavy  steel-frame  building,  sheeted 
with  corrugated  galvanized  iron.  It  is  120  feet  long  and  75  feet 
wide,  and  about  60  feet  high.  The  interior  is  divided  into  two  sections 
or  bays  by  a  line  of  columns.  In  the  south  section  is  the  pouring 
floor,  on  which  the  pigs  are  cast  Throughout  this  bay  is  operated  a 
50-foot  traveling  crane.  This  is  electrically  operated  and  has  one 
20-ton  and  one  5-ton  hoist.  A  lifting  magnet,  having  a  capacity  of 
2,000  pounds,  is  used  in  picking  up  the  pigs.  It  will  lift  about  1,000 
pounds  of  hot  pigs. 

The  north  bay  contains  the  electric  furnaces,  their  transformers, 
and  the  necessary  controlling  equipment. 

THE  rUBNACE. 

The  crucible  is  contained  in  a  steel  shell  27  feet  long,  18  feet  wide, 
and  12  feet  high.  The  crucible  is  rectangular,  with  a  sloping  bottom 
to  facilitate  the  flow  of  the  molten  bath,  when  the  furnace  is  tapped. 
The  tap  hole  is  in  the  center  of  the  front  of  the  crucible.  The  roof 
of  the  furnace  is  arched,  and  is  penetrated  by  five  stacks  24  inches 
in  diameter  and  extending  15  feet  above  the  roof  of  the  crucible.  In 
the  four  spaces  between  the  stacks  at  the  center  of  the  dividing 
arches  are  inserted  graphite  electrodes.  The  electrode  jackets  and 
the  arched  roof  are  water  cooled.  The  stacks  are  used  only  for 
charging,  no  reduction  being  attempted  in  them.  A  charging  plat- 
form is  built  along  the  top  of  the  stacks  and  supports  a  track  which 
leads  to  the  mixing  platform.  The  loaded  car  is  run  along  this  track 
and  the  charge  dumped  directly  into  the  stack.  Except  when  re- 
ceiving a  charge,  the  stacks  are  closed  with  tight-fitting  caps. 

THE  XX.ECTB0DE8. 

Graphite  electrodes  are  used.  They  are  cylindrical  in  form,  12 
inches  in  diameter,  and  4  feet  long.  The  upper  end  has  a  tapered 
male-threaded  nipple,  and  the  lower  end  has  a  corresponding  socket 
with  a  female  thread.  As  the  electrode  is  fed  into  the  charge  a  new 
one  may  be  fastened  to  it,  making  a  continuous  feed. 

An  electrode  in  continuous  operation  lasts  30  days.  Occasion- 
ally an  electrode  breaks  in  the  furnace.  Such  breakage  was  formerly 
a  serious  matter  and  caused  considerable  delay  and  annoyance  in 
the  operation  of  the  furnace,  but  this  difficulty  has  now  been  practi- 
cally obviated. 

•  Van  Norden,  R.  W.,  Electric  Iron  smelting  at  Heronlt,  Cal. :  Jour.  Blec.  Power  and 
Gas,  Nov.  23,  1912. 
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THE  TSANSFOBHEBS. 


In  the  rear  of  the  furnace,  and  as  close  thereto  as  is  possible,  are 
the  three  service  transformers  which  supply  three-phase  current  at 
40  to  80  volts  to  the  electrodes.  These  transformers  are  oil  inmiersed 
and  water  cooled  and  have  a  capacity  of  750  kilowatts  each.  The 
low-tension  connections  to  the  electrodes  consists  of  eight  pieces  of  flat 
copper  bar,  three-eighths  of  an  inch  thick  and  5  inches  wide,  bolted 
together.  On  the  2,400- volt  primary  side  there  are  brought  out  eight 
current  taps  for  voltage  regulation.  These  lead  to  an  oil-immersed 
switch  group,  each  unit  of  which  is  operated  by  a  solenoid.    Tliis 

arrangement,  with  autotransformer  compensator,  gives  15  steps  for 
voltage  variation. 


ELECTRIC  CONTBOL. 


Electric  control  is  through  a  switchboard,  there  being  a  panel  for 
each  furnace.  As  the  current  and  power  factor  in  each  phase  must 
be  under  observation  at  all  times  during  operation,  separate  meters 
are  installed  in  each  phase.  The  requirements  for  one  panel  are  3 
ammeters,  3  voltmeters,  8  wattmeters,  3  power-factor  meters,  and  3 
recording  wattmeters.  The  meters  are  mounted  across  the  panel  in 
rows  of  three  each.  Under  the  first  four  sets  named  are  three  hand- 
wheels  to  control  the  voltage  variation,  and  under  these  three  switches 
that  control  the  entire  load,  and  under  the  latter  are  the  recording 
wattmeters. 

For  operating  the  voltage  control  and  the  main  circuit  breakers 
there  is  a  Tj-kilowatt  motor-generator  set,  comprising  a  125- volt  direct- 
current  generator,  directly  connected  to  a  10-horsepower  induction 
motor.  This  set  has  a  small  panel  board  mounting  a  circuit  breaker, 
ammeter,  voltmeter,  and  two  single-pole  knife  switches.  In  the  event 
that  line  voltage  should  fall,  or  if  for  any  other  cause  the  direct- 
current  supply  should  become  deranged,  there  is  a  storage-battery  set. 
having  a  capacity  of  7^  kilowatts,  which  may  be  instantly  switched 
in,  and  thus  prevent  the  furnaces  from  cutting  out  in  the  case  of  low 
voltage. 

OPEBATIOIV. 

The  operation  of  the  furnace  is  continuous.  After  a  period  of 
eight  hours  the  hearth  contains  a  full  bath  of  molten  metal,  and 
therefore  the  metal  is  tapped  three  times  each  day.  Charging  is  done 
at  regular  intervals,  and  the  current  is  never  shut  off  during  operation. 
During  the  period  of  smelting  the  change  in  electrical  conditions  is 
interesting.  At  the  beginning  of  the  charge  the  power  factor  is 
almost  unity.  This  gradually  lowers  as  melting  continues,  until  with 
a  full  bath  of  metal  a  power  factor  of  65  per  cent  is  reached.  If 
coke  is  used  in  place  of  charcoal,  or  if  a  mixture  is  employed,  a  dif- 
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ferent  set  of  power-factor  conditions  exists.  By  studying  these  con- 
ditions it  is  possible  to  know  the  exact  condition  of  the  charge  by 
looking  at  the  meters.  The  load  is,  of  course,  a  function  of  the  volt- 
age, and  with  half  voltage  the  load  will  drop  one-quarter. 

In  charging,  the  ore  cars  are  run  on  the  mixing  floor,  which  is  level 
with  the  charging  floor.  Charcoal  and  lime  and  quartz  for  flux  are 
brought  in  on  the  lower  floor  in  cars,  hoisted  on  an  electrically  op- 
erated elevator  to  the  mixing  floor,  and  are  dumped  into  their  respec- 
tive bins.  The  mixing  is  done  in  a  car  that  is  run  on  platform 
scales.  The  charge  is  placed  in  layers,  the  proportions  depending  on 
the  tests  made  in  the  laboratory  by  the  chemist.  Following  is  a 
representative  charge :  Five  hundred  pounds  of  iron  ore  (magnetite) ; 
135  to  150  pounds  of  charcoal;  8^  pounds  of  lime  (well  burned) ;  12^ 
pounds  of  quartz. 

trSE  OF  CHABOOAL  AS  A  XEDUOINQ  AGENT. 

Although,  as  explained  later,  the  use  of  the  electric  furnace  in  the 
production  of  pig  iron  permits  the  manufacture  of  3  tons  of  pig  iron 
from  1  ton  of  coke  or  charcoal,  the  cost  of  a  suitable  reducing  agent 
is  still  an  important  factor,  especially  in  California.  Charcoal  is 
used  at  the  plant  of  the  Noble  Electric  Steel  Co.,  and  its  economical 
manufacture  in  retorts  so  constructed  as  to  save  the  distillation  prod- 
ucts has  been  almost  as  much  of  a  problem  as  the  production  of  the 
iron  itself.  Pit  charcoal  was  used  at  first.  A  battery  of  beehive 
charcoal  ovens,  each  holding  60  cords  of  wood,  was  then  constructed. 
Later  it  was  decided  to  use  by-product  retorts,  and  a  vertical  retort 
system  was  accordingly  built.  The  retorts  were  arranged  in  two 
batteries  of  four  each,  each  retort  being  a  vertical  cylinder  6  feet 
in  diameter  and  16  feet  high.  The  volatile  products  were  led  from 
the  bottom  of  the  retorts  to  condensers.  Altogether,  wood  distillation 
and  the  attendant  recovery  and  working  up  of  the  by-products  has 
not  seemed  to  be  a  profitable  enterprise  on  the  Pacific  coast.  Soft 
woods  are  used  for  the  most  part,  and  these  are  generally  lean  in 
acetic  acid  and  wood  alcohol,  although  fairly  rich  in  tarry  products. 

A  splendid  grade  of  charcoal  was  made  at  the  plant  of  the  Noble 
Electric  Steel  Co.  in  the  retorts  above  mentioned,  but  the  system 
proved  to  be  rather  cumbersome,  and  the  time  necessary  for  retorting 
was  excessive.  Moreover,  owing  to  the  manner  in  which  the  retorts 
were  constructed,  all  the  products  resulting  from  distillation  of  the 
wood  had  to  pass  down  through  the  hottest  part  of  the  retort.  As 
a  result  the  volatile  products  were  broken  up  by  heat,  undesirable 
products  were  thus  formed,  and  an  inferior  grade  of  by-products 
was  produced.  Consequently  the  company  has  decided  to  replace 
this  system  with  what  is  known  as  the  Yost  system.  The  retort  of 
the  Yost  system  consists  of  a  horizontal  steel  cylinder,  about  5^  feet 
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in  diameter  and  about  20  feet  long,  mounted  in  brickiTSork.  One 
end  of  the  retort  is  closed  and  the  other  is  provided  with  doors.  The 
wood  is  loaded  on  a  car,  and  the  car  is  run  into  the  retort^  which  is 
then  closed  and  sealed.  The  volatile  products  resulting  from  the  heat- 
ing of  the  wood  are  conducted  to  the  condensers  by  means  of  a  copper 
pipe ;  the  liquid  tar  formed  in  like  manner  is  drained  from  the  bottom 
of  the  retort  into  a  tank.  Owing  to  its  simplicity  this  type  of  retort 
is  claimed  to  be  much  less  expensive  than  the  type  formerly  used,  and 
because  of  the  fact  that  the  wood  will  not  have  to  be  handled  as 
much  as  formerly  the  cost  of  producing  charcoal  is  claimed  to  be 
much  less. 

USE  OF  CBUDE  PBTBOLEUM  AS  A  BEDUOINO  AOENT. 

As  is  well  known,  California  is  favored  with  a  seemingly  abundant 
supply  of  petroleum.  Due  to  the  scarcity  of  suitable  reducing  agents 
such  as  are  at  present  used  in  metallurgical  work  attempts  to  use 
crude  oil  for  this  purpose  have  from  time  to  time  been  made.  It  is 
quite  possible  that  a  successful  process  of  this  kind  will  be  devised. 
The  Bureau  of  Mines  has  been  conducting  investigations  along  this 
line  and  expects  to  publish  the  results  in  the  near  future.  As  soon 
as  a  commercially  successful  process  of  this  nature  has  been  devised, 
it  is  quite  likely  that  the  electric  smelting  of  iron  ores  on  the  Pacific 
coast  will  receive  an  impetus,  for  the  use  of  crude  petroleum  will  not 
only  permit  the  introduction  of  electric  smelting  in  those  districts 
where  its  use,  except  at  prohibitive  prices,  is  not  now  possible  owing 
to  the  lack  of  suitable  reducing  agents,  but  should  also  cheapen  the 
cost  per  ton  of  metal  produced  as  compared  with  the  cost  when 
charcoal  is  used. 

COMPABISON  OF  THE  CAMPORNIA  AND  SWEDISH  FUR- 

KAOES  AND  PROCESSES. 

As  to  the  construction  of  the  two  types  of  furnaces,  the  difference 
is  so  apparent  that  no  comment  is  necessary.  As  to  the  process,  the 
California  practice  differs  from  the  Swedish  practice  very  decidedly 
in  the  following  respects,  namely :  No  attempt  is  made  to  reduce  the 
ore  in  the  stacks  of  the  furnace;  no  artificial  circulation  of  gases  is 
employed ;  limestone  calcined  outside  of  the  furnace  is  used.  In  other 
words,  the  California  practice  is  just  the  reverse  of  the  Swedish 
practice. 

BEDUCTIGN  IN  SHAFT. 

As  has  previously  been  noted,  the  ideal  condition  in  electric  reduc- 
tion furnace  work  would  seem  to  be  to  have  the  charge  in  such  a 
condition  as  to  require  only  melting  by  the  time  it  comes  in  prox- 
imity to  the  electrodes.  The  electric  current  would  then  be  used  to 
furnish  only  the  additional  heat  necessary  to  bring  about  the  melting 
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of  the  hot  previously  reduced  oxide.  Of  course  the  heat  for  the  re- 
duction must  come  from  some  source,  and  its  origin  would  be  in  the 
crucible  and  as  a  result  of  the  heat  developed  during  the  melting  of 
the  charge,  but  the  excess  heat  so  developed  can  be  transferred  by  the 
circulation  of  the  gas  to  the  charge  in  the  shaft  instead  of  being 
carried  away  by  radiation  and  by  circulating  water. 

CIBCtTIiATION  OF  GASES. 

As  has  also  been  mentioned  on  page  16,  in  the  Swedish  practice 
a  part  of  the  gases  rising  from  the  top  of  the  shaft  is  returned  to 
the  crucible  and  made  to  pass  through  it  and  up  through  the  charge 
in  the  shaft.  This  is  done  to  cool  the  superheated  brickwork  of  the 
roof  of  the  crucible  and  to  carry  through  the  stack  a  voliune  of  gas 
large  enough  and  hot  enough  to  bring  about  reduction  in  the  stack. 

As  stated  elsewhere,  one  of  the  most  serious  difficulties  that  had  to 
be  overcome  in  the  development  of  the  Swedish  type  of  furnace  was 
the  destruction  of  the  crucible  resultant  on  local  heating  in  the 
vicinity  of  the  electrodes.  Therefore,  by  returning  to  the  crucible  a 
part  of  the  gases  resulting  from  reduction,  it  is  possible  to  prevent 
excessive  local  heating  and  at  the  same  time  to  make  use  of  the  heat 
instead  of  wasting  it.  Although  gas  circulation  has  its  objections, 
its  advantages  in  the  way  of  economy  of  operation  would  seem  to 
outweigh  its  disadvantages.  On  the  other  hand,  if  reduction  pre- 
vious to  smelting  be  considered  the  proper  practice,  this  reduction 
will  have  to  be  made  in  the  stack,  and  the  present  California  practice 
will  not  find  application  except  when  warranted  by  the  local  condi- 
tions. As  has  been  previously  stated,  the  present  demand  in  Cali- 
fornia is  for  a  soft  gray  foundry  iron.  Although  the*  furnace  now 
used  gives  that  product,  such  a  construction  and  such  a  process  are, 
of  course,  not  absolutely  necessary  for  the  production  of  such  an  iron. 

That  the  California  type  of  furnace  is  better  suited  to  the  produc- 
tion of  a  soft  gray  foundry  iron  than  is  the  Swedish  type  is  probably 
due  to  the  fact  that  reduction  is  performed  solely  by  solid  carbon, 
and  the  reduction  of  silica  to  silicon  takes  place  at  the  same  time  as 
the  reduction  of  iron  oxide  to  metallic  iron.  The  silicon  is  dissolved 
in  the  iron  and  by  its  presence  causes  the  carbon  to  be  precipitated 
as  graphitic  carbon,  and  there  is  thus  obtained  the  soft  gray  iron  de- 
sired. It  is  also  quite  probable  that  in  a  furnace  having  a  rectangu- 
lar crucible,  such  as  has  the  California  furnace,  the  temperature  of 
the  charge  in  the  crucible  as  a  whole  is  much  higher  than  in  a  furnace 
of  the  Swedish  type,  and  this  higher  temperature  is  more  favorable 
to  the  reduction  of  silica  to  silicon.  As  before  stated,  the  latter 
reaction  is  largely  the  controlling  element  in  the  production  of  soft 
gray  foundry  iron. 

44710*'— BuU.  67—16 4 
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USE  07  CALCnSTBJ)  UKESTONE. 

The  use  of  calcined  limestone  has  been  repeatedly  suggested,  and 
theoretically  seems  desirable,  but  in  operating  a  furnace  of  the  Swedish 
type  there  are  two  objections  to  its  use,  namely,  it  increases  the  pro- 
portion of  fine  material  in  the  charge  and  it  makes  the  charge  hang. 

As  to  the  former  of  these  objections,  the  idea  seems  to  be  prevalent 
that  there  is  no  limit  to  the  percentage  of  fine  material  that  may  be 
used  in  the  electric  reduction  furnace.  However,  judging  from  ob- 
servations of  the  smelting  of  black  sands  when  the  furnace  consisted 
simply  of  a  crucible  and  no  shaft,  some  difficulty  was  experienced  on 
account  of  the  charge  being  made  up  entirely  of  fine  material.  In 
the  Swedish  practice  the  proportion  of  fine  material  that  can  be  used 
in  a  charge  was  definitely  determined  in  the  work  at  TroUhattan,  and 
it  was  found  that  a  large  proportion  of  fine  material  was  detrimental 
to  smooth  running  and  good  results;  but  Leffler,  one  of  the  engineers 
in  charge  of  the  work  at  TroUhattan,  is  of  the  opinion  that  calcined 
limestone  may  be  advantageously  added  to  the  charge  if  no  reduction 
is  attempted  in  the  shaft. 

In  view  of  the  above  facts,  it  would  seem  that  the  California  prac- 
tice as  compared  to  ihe  Swedish  practice  presents  the  following 
advantages:  It  permits  the  use  of  limestone  calcined  outside  the 
furnace  and  it  does  not  require  the  circulation  of  gases. 

As  to  the  circulation  of  gases  and  also  as  to  reduction  in  the  shaft, 
the  California  practice  might  perhaps  prove  more  efficient  if  both 
were  done.  Although  a  very  complete  record  of  the  working  of  the 
furnace  at  TrollhUttan  has  been  published,  no  sudi  record  of  the 
operation  of  the  furnace  at  Heroult  is  available,  and  so  it  is  not  at 
present  possible  to  make  a  definite  comparison  of  the  two  practices. 

£IiECTRIC  FURNACE  AS  COMPARED  TO  THE  BLAST 

FURNACE. 

As  has  been  mentioned  in  the  section  pertaining  to  the  history  and 
evolution  of  the  electric  pig-iron  furnace,  the  electric  furnace  was  not 
developed  as  a  competitor  of  the  blast  furnace,  but  for  the  purpose 
of  finding  a  furnace  and  a  process  that  would  be  able  to  produce  iron 
in  those  localities  where  blast-furnace  practice  was  not  feasible,  or, 
as  in  Sweden,  where  the  increasing  cost  of  suitable  fuel  was  becom- 
ing prohibitive  to  the  existing  practice  of  smelting  in  blast  furnaces. 

Broadly  speaking,  it  may  be  said  that  the  feasibility  of  smelting 
iron  ores  in  an  electric  furnace  depends  upon  the  relative  cost  of  either 
charcoal  or  coke  and  of  electric  power.  As  regards  the  latter,  it  must 
be  cheap.  As  is  well  known,  electric  power  at  the  present  time  can  be 
developed  more  cheaply  than  it  could  when  Capt.  Stassano  made 
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his  experiments  in  1898,  and  it  will  probably  be  produced  still  more 
cheaply  in  the  future.  However,  the  present  purpose  is  not  to  spec- 
ulate on  this  point  but  to  state  the  facts  as  Ihey  are  now  understood. 
As  has  been  previously  mentioned,  the  average  consumption  of  char- 
coal or  coke  in  the  electric  furnace  in  the  production  of  1  ton  of  pig 
iron  is  about  one-third  of  what  it  is  in  the  blast  furnace.  Knesche  ^ 
has  pointed  out  that  when  one  takes  into  consideration  the  consump- 
tion of  electrodes,  the  saving  is  practically  0.7  ton  of  coke  or  char- 
coal per  ton  of  iron  produced. 

HYPOTHETICAL  CASE. 

To  make  the  matter  more  definite  a  hypothetical  case  is  assumed, 
as  follows:  Coke  is  assumed  to  cost  $6  a  ton  and  a  kilowatt-year  to 
cost  $16.  From  the  report  of  the  work  done  at  Trollhattan  it  is 
learned  that,  on  an  average,  2,391  kilowatt-hours  is  required  to  pro- 
duce 1  ton  of  pig  iron.  Hence,  the  cost  for  power  per  ton  of  pig 
iron  produced  would  be  $4.37,  to  which  must  be  added  the  cost  of 
0.8  ton  of  coke  and  likewise  the  cost  of  11.6  pounds  of  electrode,  or 
an  itemized  cost  as  follows : 

2,400  kUowatt-hours,  at  $16  per  kJlowatt-year $4.37 

0.3  ton  of  coke,  at  $6 1.80 

11.6  pounds  of  electrode,  at  $0.06 .  70 

6.87 

As  1  ton  of  iron  can  be  produced  in  a  blast  furnace  from  1  ton  of 
coke,  the  respective  costs  in  the  blast  furnace  and  in  the  electric  fur- 
nace would  be  $6  and  $6.87.  Hence,  if  considered  on  this  basis  alone, 
the  electric  furnace,  with  coke  at  $6  per  ton  and  power  at  $16  per 
kilowatt-year,  could  not  compete  with  the  blast  furnace.  There  are, 
however,  other  items  to  be  taken  into  consideration,  such  as  initial 
cost  of  plant,  quality  of  iron  produced,  and  especially  the  efficiency 
of  the  furnace,  for,  as  has  been  pointed  out  by  Ashcrof t,^  "  the  effi- 
ciency of  many  nonelectrical  furnaces  is  barely  10  per  cent  of  the 
theoretical,  and  very  few  will  exceed  25  per  cent,  whereas  the  effi- 
ciency of  electrical  appliances  sometimes  reaches  75  per  cent  and  is 
often  50  per  cent." 

Hence,  with  no  greater  difference  between  the  respective  costs  than 
is  shown  above,  a  careful  investigation  of  all  items  that  enter  into 
the  total  cost  of  production  of  a  ton  of  pig  iron,  as  well  as  the  nature 
of  the  ore  to  be  treated  and  the  grade  of  product  desired,  might  dis- 
close' that  it  would  be  more  profitable  to  produce  pig  iron  in  the 

•  Knesche,  J.  A.,  Electric  smelting  of  ore  In  the  TJnitecI  States :  Iron  Trade  Rev.,  Jan.  6» 
1011,  p.  65. 

*Ashcroft,  A.  £.,  The  influence  of  cheap  electricity  on  electrolytic  and  electrothermal 
Industry:  Trans.  Faraday  Soc.,  vol.  4,  1008,  pp.  134-142. 


52  BLEOTBIC   FUBNACES. 

electric  furnace  than  in  the  blast  furnace.  There  are,  however,  few 
localities  where  coke  costs  only  $6  a  ton  and  where  the  cost  of  an 
electrical  kilowatt-year  is  $16.  In  more  localities  the  cost  of  coke  is 
$12  to  $14,  and  with  coke  at  these  figures  the  advantage  is  decidedly 
with  the  electric  furnace,  with  power  at  $16  a  kilowatt-year. 

COST  OF  POWER. 

In  those  electric-furnace  iron  plants  that  are  operated  at  the  pres- 
ent time  only  hydroelectric  power  is  used.  The  cost  of  producing 
power  for  electric  furnace  work  must,  of  course,  vary  with  local  con- 
ditions and  hence  depends  on  the  initial  cost  per  kilowatt  of  instal- 
lation. In  general  there  are  few  localities  where  the  electric  smelt- 
ing of  iron  ores  would  be  feasible  with  the  electrical  energy  costing 
more  than  $20  to  $30  per  kilowatt-year. 

USE  OP  EI^CTRIC-FURNACE  PIG  IRON  IN  THE.  OPEN- 
HEARTH  FURNACE. 

The  first  metal  produced  at  TroUhattan  did  not  look  much  like 
pig  iron  and,  moreover,  as  its  analysis  was  different  from  that 
of  the  metal  that  had  been  used,  doubt  was  expressed  as  to  the  pos- 
sibility of  using  it  in  the  production  of  steel.  The  first  attempt 
to  use  the  iron  in  the  production  of  steel  was  made  at  Degerfors, 
where  a  basic  furnace  was  used.  The  iron  of  the  electric  fur- 
nace was  mixed  with  ordinary  gray  iron  and  a  smaller  quantity  of 
scrap  than  usual.  This  mixture  was  made  so  as  to  insure  a  hot  metal 
upon  melting  down.  The  results  exceeded  expectations,  and  on  the 
third  trial  the  charge  was  composed  of  only  the  electric-furnace  metal 
and  scrap.  Much  to  the  surprise  of  those  operating  the  furnace,  it 
was  observed  that  the  boiling  which  generally  takes  place  immedi- 
ately after  the  metal  is  melted  was  not  so  violent  as  usual.  Tests 
were  then  made  on  the  electric-furnace  metal  in  an  acid  furnace. 
Although  small  quantities  of  the  metal  were  at  first  used,  it  was  soon 
ascertained  that  the  charge  could  be  composed  of  the  ordinary  pro- 
portions of  64  per  cent  pig  iron  and  36  per  cent  scrap. 

Pig  iron  of  normal  composition  was  finally  obtained  as  a  product 
of  the  TroUhattan  furnace,  and  when  this  iron  was  used  for  steel 
melting  in  the  open  hearth,  together  with  the  same  proportion  of 
scrap  as  had  been  used  in  the  previous  tests,  a  longer  time  was  re- 
quired to  complete  the  refining  of  the  metal,  and  it  was  necessary  to 
add  more  ore  than  in  the  previous  tests. 

As  a  result  of  the  tests  at  Degerfors  the  conclusion  was  reached 
that  a  metal  could  be  produced  in  the  electric  reduction  furnace  that 
would  be  more  suitable  for  steel  making  than  ordinary  pig  iron. 
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In  order  to  understand  the  reason  for  this  conclusion,  it  may  be 
well  to  note  briefly  some  of  the  reactions  that  take  place  in  the  open 
hearth  when  treating  pig  iron  of  normal  composition  as  compared  to 
those  which  take  place  when  treating  pig  steel. 

In  converting  normal  blast- furnace  pig  iron  into  steel  in  the  open- 
hearth  process,  the  pig  iron  must  contain  enough  silicon  to  protect  the 
iron  from  oxidation  during  the  melting,  and  likewise  enough  silicon 
and  manganese  to  free  the  iron  after  melting  from  the  oxides  and 
gases  that  were  formed  and  taken  up  as  a  result  of  the  action  of  the 
blast  during  the  production  of  the  pig  iron  in  the  blast  furnace.  The 
silicon  and  manganese  that  may  be  present  in  excess  of  this  amount 
only  prolong  the  time  required  to  finish  the  heat. 

During  and  immediately  after  the  melting  the  metal  boils  vio- 
lently, especially  in  an  acid  furnace  if  a  low-silicon  iron  be  used,  even 
though  it  is  not  spongy.  There  is  a  second  and  less  violent  boiling 
when  the  metal  is  charged  into  the  ladle  and  molds,  especially  in  the 
case  of  hard  steel.  On  the  other  hand,  when  electric- furnace  "  pig 
steel "  is  heated  in  the  open-hearth  furnace  process,  the  second  boil 
does  not  take  place,  and  the  regular  boil  commences  immediately 
after  the  charge  is  melted  and  before  the  ore  is  added.  Several 
theories  have  been  advanced  to  accoimt  for  such  behavior  of  ^'  pig 
steel "  upon  melting.  One  theory  is  that  the  metal  is  practically  free 
from  minute  particles  of  oxides  that  are  generally  present  in  ordinary 
pig  iron  and  that,  as  previously  stated,  are  produced  by  the  reoxidiz- 
rng  effect  of  the  blast.  Owing  to  the  absence  of  the  oxides,  prac- 
tically no  reaction  with  the  silicon  and  manganese  present  occurs  at 
this  time,  and  on  this  account  the  second  boil  in  the  open-hearth  fur- 
naces during  and  after  the  melting,  when  treating  electric-furnace 
metal,  does  not  occur,  and  it  is  possible  to  decarburize  the  charge  at 
once  by  ore  additions.  The  presence  of  silicon  in  such  "  pig  steel "  is 
therefore  unnecessary  during  the  first  part  of  the  open-hearth  process. 

As  above  stated,  in  the  tests  at  Degerfors  it  was  found  that  more 
time  and  more  ore  were  required  in  the  treatment  of  normal  electric- 
furnace  pig-iron  than  in  the  treatment  of  normal  blast-furnace  pig- 
iron.  This  is  no  doubt  due  to  the  fact  that  inasmuch  as  electric- 
furnace  pig-iron  of  normal  composition  contains  no  oxides  it  is  not 
necessary  that  silicon  and  manganese  be  present  in  the  iron  in  order 
to  take  up  oxides,  and  hence  the  removal  of  the  silicon  must  be  accom- 
plished principally  by  means  of  ore,  and,  as  pointed  out  by  Odelberg,^ 
only  after  this  is  accomplished  can  decarburation  proper  begin. 

In  conclusion  it  may  be  said  that  "  pig  steel "  made  in  the  electric 
furnace  is  better  suited  to  the  production  of  open-hearth  steel  than  is 
the  normal  blast-furnace  pig  iron  and  that  normal  pig  iron  made  in 

•Odelberg,  S.,  The  behavior  and  qaalltieii  of  the  electric  pig  Iron  in  the  open-hearth 
:  MetaU.  Chem.  Bng.,  toU  9,  1911,  p.  609. 
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the  electric  furnace  is  less  suited  to  the  production  of  open-hearth 
steel  than  is  normal  blast-furnace  pig  iron. 

It  must  not  be  inferred  from  the  above  statements  that  it  is  not 
possible  to  produce  normal  pig  iron  in  the  electric  furnace.  As  a 
matter  of  fact  some  hundreds  of  tons  have  been  so  produced  in  this 
country  and  in  Sweden.  Although  the  furnace  at  Trollhattan  is  so 
operated  as  to  produce  "  pig  steel,"  because  this  metal  is  better  suited 
to  steel  making  than  is  normal  pig  iron,  the  Noble  Electric  Steel  Co., 
of  California,  on  the  other  hand,  so  operates  its  furnaces  as  to  produce 
a  soft  foundry  iron  which  is  particularly  suited  to  the  foundries  of 
that  section  of  the  country.  However,  it  has  been  found  that  a 
greater  output  may  be  obtained  when  making  "  pig  steel "  per  unifc 
of  electrical  energy  expended  than  when  foundry  iron  is  produced. 

AN  B8TTMATB  FOB  THE  ERECTION  OF  AN  BLEGTRIC IBON- 
SMELTINO  AND  STEEIi- REFINING  PLANT. 

An  estimate  of  the  equipment  and  cost  of  erection  of  an  electric 
iron-smelting  and  steel-refining  plant,  with  estimates  of  the  cost  of 
production  of  pig  iron  and  steel  in  such  a  plant  is  here  presented  from 
data  furnished  by  Electro-Metals,  of  London. 

ASSX7MPTIOKS  AND  CONDITIONS. 

The  estimate  is  based  on  the  following  assumptions: 

OUTPtJT. 

Annual  production  of  pig  iron,  50,000  tons ;  annual  production  of 
steel  ingots,  50,000  tons. 

SIZB  AND  NUMBBB  OF  FUBNAOEfl. 

Five  electric  shaft  furnaces  of  3,500  electric  horsepower. 

One  tilting,  open-hearth  furnace  of  50  tons  capacity  heated  by  gas 
from  the  shaft  furnaces. 

Three  electric  steel  furnaces  of  1,500  electric  horsepower  and  of  10 
tons  capacity,  one  being  kept  as  reserve. 

ELECTRIC  FOWEB. 

For  electric  shaft  furnaces:  18,000  electric  horsepower  (includes 
600  electric  horsepower  for  gas  Jblowers,  motors,  etc.). 

For  electric  steel  furnaces :  3,000  electric  horsepower. 

The  price  of  electric  power  is  assumed  to  be  $12  per  electric 
horsepower-year.  The  electric  power,  3-phase,  of  preferably  25 
periods,  is  to  be  delivered  at  a  high  voltage  from  the  water-power 
plant  and  to  be  transformed  to  a  voltage  of  50  to  100  volts  close  to 
the  furnaces.  For  distribution  to  the  electric  motors  a  higher  voltage 
of  500  to  1,000  volts  should  be  used. 
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OBB. 


To  be  supplied  from  local  mines. 

Iron  content,  about  60  per  cent. 

Cost,  $0.50  per  ton  at  the  works. 

Total  quantity  smelted  per  year,  80,000  tons. 


FUEL. 


For  electric  shaft  furnaces,  either  coke  or  charcoal  from  local  dis- 
tilleries of  wood  alcohol. 
Cost  of  fuel,  $6  per  ton  at  the  works. 
Total  quantity  consumed  per  year,  17,000  tons. 

« 

LIMESTONE. 

From  local  quarries,  lime  rock,  dJaCOg  content,  96  per  cent. 
Total  quantity  used  per  year,  8,000  tons. 
Cost,  $1.50  per  ton,  including  calcining. 

PKOPOSEB  SYSTEM  OF  WOBKIKO. 

The  pig  iron  produced  in  the  electric  shaft  furnace  is  transferred 
either  by  ladle  or,  better,  direct  through  launders,  into  a  tilting  open- 
hearth  furnace,  in  which  by  addition  of  ore  and  lime  the  greater  part 
of  the  carbon  is  removed  and  the  temperature  raised  to  about  1,500° 
C.  The  open-hearth  furnace  has  a  capacity  of  50  tons,  and  also  serves 
as  a  mixer,  f  rotn  which  at  regular  intervals  about  10  tons  of  partly 
refined  steel  is  transferred  to  the  electric  steel  furnaces.  In  these 
the  metal  is  further  heated  to  1,600**  to  1,700^  C.  and  refined  from 
any  excess  of  sulphur  not  removed  in  the  open-hearth  furnace.  The 
chief  advantage  of  the  electric  steel  furnace  for  the  final  treatment 
lies  in  the  possibility  of  maintaining  a  reducing  atmosphere  in  which 
reduction  of  the  steel  is  more  complete  than  in  any  other  kind  of 
steel  furnace. 

After  being  treated  in  the  electric  steel  furnace  for  1  to  2  hours  the 
metal  is  recarburized  to  the  desired  carbon  content,  the  ferro-alloys 
are  added,  and  the  metal  is  cast  in  the  molds.  The  estimate  pro- 
vides also  for  fully  equipped  repair  shops. 

ITEKS  ENTEBING  INTO  ESTIMATED  COST  OF  CONSTBTTCTION. 

* 

In  estimating  the  cost  of  construction  of  the  plant  the  following 
items  have  to  be  taken  into  consideration : 

Excavations  for  buildings  and  furnaces,  grading  and  fencing,  rail- 
way connection  to  works  with  crane  for  handling  materials. 
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light  railway  inside  works  with  turntables,  carriages,  weigh- 
bridge, eta 

Water-supply  plant  with  overhead  storage  tank  and  water  pipes 
to  gas  scrubber,  furnace  water  jackets  and  transformers,  and  pump 
with  electric  motor. 

Buildings  for  furnaces  and  transformers. 

Hoists  for  ore  and  lime,  storage  building  for  coke,  crusher  house 
and  hoist. 

General  stores,  offices,  and  laboratory. 

Houses  for  officials  and  workmen. 

Five  electric  shaft  furnaces  for  3,500  estimated  horsepower,  with 
foundations,  iron  constructions,  brickwork,  and  lining. 

Electrode  holders  with  water  jackets,  lifting  and  regulating  ar- 
rangements for  the  electrodes. 

Gas  blowers  with  electric  motors,  gas  scrubbers,  gas  piping. 

One  tilting  open-hearth  furnace  of  50  tons  capacity  with  rockers 
and  stands,  bydraulic  tilting  cylinder,  port  ends,  chills,  gas  and  air 
connections  and  valves. 

Working  staging. 

Iron  chimney. 

All  silica,  magnesite,  fire,  and  red  brick,  silica  and  fire  day  for 
brick  setting,  and  magnesite. 

Three  electric  steel  furnaces,  each  of  10  tons  capacity  and  1,500 
estimated  horsepower,  with  foundations,  iron  construction,  brickwork 
and  lining,  electrode  holders  with  water  jackets,  automatic  regulators, 
hydraulic  tilting  cylinders,  working  stagings,  etc. 

Two  electric  cranes  of  20  tons  carrying  capacity. 

Transformers  for  electric  shaft  and  steel  furnaces,  with  oil  coolers, 
regulators,  instruments  and  energy  meters,  lighting  arresters,  cables 
between  transformers  and  furnaces. 

Crushing  plant  with  ore  and  coke  crushers  and  electric  motors. 

Rails,  wagons,  weighing  machines,  tools,  and  sundries. 

Transformers  for  small  motors  and  for  light,  including  wiring  ac- 
cessories. 

Laboratory  outfit  and  office  fittings. 

Superintendence  during  construction,  drawings,  and  license. 

Contingencies. 

The  total  cost  of  erection  of  a  plant  of  this  description  is  estimated 
at  $850,000. 
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COST  OP  PBOBUCTION. 

The  estimated  cost  of  producing  pig  iron  and  steel  in  a  plant  of  this 
description  is  presented  below : 

Estimated  cost  of  producing  50,000  tons  of  electric  pig  iron  a  year. 


Item. 


Wdght 


Per  ton. 
of  ore. 


Ore,  tons , 

Coke,  tone 

Limey  tons , 

ElectrodeBi^poaxidB 

Power  (18.000  horsepower  year) 

Staff  and  labor: 

8  foremen,  Sdeetriclans,  and  106  workmen.. 

Mwint4^nanoe  and  repairs. 

Laboratory 

Offloe  expenses 

DepreciauOQ 

Royalty 

Contingendes 


Total. 


1.6 
.33 
.16 

15 


Cost 


Total. 


80,000 

17,000 

8,000 

835 


Per  unit 


81.60 
5.00 
L60 

75.00 
7.60 


Total. 


8130,000 
86,000 
12,000 
26,125 

186,000 

76,000 
15,626 
8,125 
3,126 
38,186 
87,600 
35,000 


664,838 


Per  ton 
of  pig 
iron. 


83.30 

1.68 

.20 

.53 

3.73 

L60 
.81 
.06 
.06 
•  66 
.75 
.60 
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Estimated  cost  of  producing  50,000  tons  of  electric  steel  ingots  a  year. 


Item. 


P|g  fron,  tons.. 

Iron  ore,  tons 

Burnt  lime,  tons 

Perro-alloys,  tons 

BIflotrodes,  pounds 

Power  (3,000  horsepower  year) 

Stall  and  labor: 

8  fteeman,  2  electricians,  60  worknun. . . 

Maintenance  and  repairs. 

Ladles,  stoppers,  molds,  and  other  tools. 

^^oratory  and  offloe 

Depredation 

Royalty.. 

.  Contingencies 


Total. 


Weight 


Per  ton 
of  steel. 


1,000 

0.113 

.1 


30 


Total. 


Cost 


Per  unit 


60,000 
5,600 
5,000 


450 


811.38 
L50 
3.00 


75.00 
7.50 


TotaL 


8564,635 
8,400 
15,000 
35,000 
33,750 
23,600 

87,500 
87,500 
60,000 
6,350 
38,136 
18,750 
31,250 

878,660 


Per  ton 
ofsteeL 


811.38 
.16 
.38 
.50 
.68 
.46 

.75 
.75 
LOO 
.13 
.66 
.37 
.63 
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THE  ELECTRIC  FURNACE  IN  STEEL  MANUFACTURE. 


By  RoBKBT  M.  Keenet. 


INTRODUCTION. 

The  purpose  of  the  second  part  of  this  report  is  to  present  a  brief 
historical  review  of  the  development  of  the  electric-furnace  manu- 
facture of  steel  up  to  the  present  time;  to  describe  in  detail  the 
types  of  electric  furnaces  in  commercial  operation  for  the  manu- 
facture of  steel  and,  in  general,  types  which  have  not  yet  attained 
wide  use;  to  give  a  description  of  the  practice  of  European  and 
American  electric-furnace  steel  plants  that  were  recently  visited  by 
the  writer ;  to  compare  in  a  general  way  the  different  types  of  fur- 
naces and  the  more  established  methods  of  steel  manufacture  with 
the  electric- furnace  process;  and  to  discuss  various  problems  of  the 
electric-furnace  manufacture  of  steel  and  the  possible  future  develop- 
ments of  the  process. 

HISTORY  OF  THE  DBVEIiOPMBNT  OF  THE  EIiECTBIC 

STBEIi  FURNACE. 

EAKLY  DEVELOPMBin!  OP  THE  SLECTBIC  FUBKACE. 

The  process  of  evolution  through  which  the  electric  furnace  passed 
before  reaching  its  most  highly  developed  use,  which  is  the 
manufacture  of  steel,  really  began  with  the  furnace  of  Sie- 
mens, the  prototype  of  the  modem  arc  furnace.  In  18T8  Sie- 
mens patented  the  furnace  and  operated  it  in  a  very  small  laboratory 
way.  This  electric  furnace  consisted  of  a  crucible  of  refractory 
material  with  a  movable  vertical  electrode,  the  other  electrode  being 
an  iron  bar  passing  through  the  bottom  of  the  crucible.  One  elec- 
trode was  connected  to  the  positive  pole  and  the  other  to  the  negative 
pole  of  a  direct-current  circuit.  The  crucible  was  surrounded  by  a 
heat  insulator,  and  the  bottom  metallic  electrode  was  water  cooled. 

In  1885  Ferranti  devised  a  furnace  the  principles  of  operation  of 
which  were  the  fundamental  basis  of  the  modem  induction  furnace, 
lie  used  the  induced  current  of  a  magnetic  circuit  to  heat  and  melt 
metals  which  were  arranged  like  the  secondary  of  a  short-circuited 
transformer. 
68 
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Although  the  electric  arc  and  induced  currents  were  applied  to 
furnace  heating  by  these  two  pioneers,  no  attempt  was  made  to 
operate  a  commercial  electric  furnace  for  the  manufacture  of  steel 
until  1898.  In  the  meantime,  in  1886,  the  Cowles  brothers  had 
devised  their  arc  furnace  for  the  production  of  aluminum  alloys. 
In  1887  Colby  patented  an  induction  furnace  for  melting  metals  that 
was  quite  similar  to  the  modem  Kjellin  furnace.  In  1892  Willson 
designed  a  furnace  for  the  manufacture  of  calcium  carbide  that  was 
simply  a  Siemens  crucible  reproduced  on  a  commercial  scale.  In 
1893  the  radiated  heat  of  the  electric  arc  from  two  horizontal  elec- 
trodes was  used  by  Moissan  during  the  course  of  his  extensive  experi- 
ments on  carbides  and  oxides  of  metals.  From  1893  to  1898  the 
electric  arc  furnace  was  developed  rapidly  in  the  manufacture  of 
calcium  carbide,  although  it  was  still  essentially  the  old  Siemens 
crucible  with  an  upper  electrode  of  carbon  and  a  carbon  block  in 
place  of  the  lower  metallic  electrode. 

In  1898,  owing  to  overproduction  of  calcium  carbide  and  the  sub- 
stantiation of  the  BuUier  patents,  many  works  were  compelled  to 
stop  the  manufacture  of  carbide,  and  either  turn  to  the  manufacture 
of  other  products  or  shut  down,  which  meant  the  idleness  of  many 
hydroelectric  plants  capable  of  developing  thousands  of  horsepower. 
The  experiments  of  Moissan  had  shown  the  possibility  of  making 
ferro-alloys  in  the  electric  furnaca  Ferro-alloys  were  made  in  the 
old  carbide  furnaces,  and  with  the  introduction  of  these  electric- 
furnace  alloys,  which  were  of  higher  percentage  and  of  greater 
purity  than  the  blast-furnace  product,  a  steady  demand  for  them 
arose.  As  a  result^  by  1900  a  new  industry  was  in  operation.  In 
many  plants  both  calcium  carbide  and  ferro-alloys  were  made,  as  is 
the  case  as  present. 

EABIiY   DEVSLOPMSNT   OF   THE    ELECTBIC   STEEL   FUBNACE. 
DEVELOPMENT  OF  THE  HEROXJLT  STEEL  FURNACE. 

As  the  manufacture  of  ferro-alloys  developed  and  the  necessity  of 
producing  alloys  of  low  carbon  content  became  apparent  the  design 
of  the  electric  furnace  was  gradually  altered  so  as  to  make  the  opera- 
tion possible  without  a  conducting  carbon  lining.  It  was  only  a 
step  from  the  Heroult  ferrochrome  furnace  lined  with  chromite, 
with  a  bottom  carbon  electrode,  over  which  metal  was  permitted  to 
freeze  to  prevent  carburization,  to  the  nonconducting  hearth  of  the 
modem  Heroult  steel  furnace,  shown  in  figure  18,  as  it  had  been 
found  that  this  freezing  of  metal  hindered  the  regular  operation  of 
the  furnace.  The  fundamental  principles  of  the  modem  Heroult 
steel  furnace  were  patented  in  1900. 
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EXFERIMBNTS  OF  STA8SAKO. 

In  the  meantime  Stassano,^  of  Italy,  through  an  interest  in  the 
carbide  industry,  had  attempted  to  produce  steel  directly  from  iron 
ore  in  the  electric  furnace,  with  charcoal  as  a  reducing  agent.  The 
experiments  were  begun  in  1898  and  were  first  conducted  in  a  modified 
blast  furnace,  in  which  electrodes  were  substituted  for  tuyeres.  This 
furnace  being  unsuccessful,  a  new  furnace  similar  to  the  modem 
Stassano  steel  furnace,  shown  in  figures  19  and  20,  was  built,  having 
horizontal  electrodes  and  arcs  heating  the  charge  by  radiation,  as  in 


FiouBS  18. — Sectional  elevation  of  2.5-ton«  single-phase  H^roalt  steel  furnace,  La  Pras, 

France. 


the  Moissan  furnace.    However,  it  was  not  well  suited  to  reduction 
of  the  ores  that  were  first  used. 

In  these  experiments  a  high-grade  hematite  ore  of  low  phosphorus 
and  sulphur  content  was  used.  The  ore  was  first  crushed  and  then 
briquetted  with  charcoal,  lime,  and  tar.  The  steels  produced  con- 
tained about  0.10  per  cent  carbon,  less  than  0.024  per  cent  phosphorus, 
and  not  over  0.073  per  cent  sulphur.    The  power  consumption  aver- 

*  Btaisano,  E.,  Treatment  of  iron  and  steel  in  the  electric  furnace :  SHectrocbem.  and 
Metall.  Ind.,  vol.  6,  1908,  p.  315 ;  Catani,  R.,  The  application  of  electricity  in  the  metal- 
lurgical industry  of  Italy  :  Jour.  Iron  and  Steel  Inst.,  vol.  84,  No.  2,  1911,  p.  215: 
Metall.  Chem.  Bng.,  vol.  9,  1911,  p.  042. 
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aged  4,205  kilowatt-hours  per  metric  ton."  It  will  be  seen  later  that 
this  itwn  of  power  consumption  is  over  five  times  that  of  making 
steel  from  cold  scrap  in  the  electric  furnace,  a  difficult  handicap  for 


rianiB  Ifl. — EneTatlon  of  I'too,  thite'phaBe  Stawano  steel  fornace,  Bonn,  German7. 

any  direct  electric-furnace  steel  process  to  overcome,  except  nnder 
the  most  favorable  circumstances.  Later  experiments  of  others  have 
reduced  this  item  considerably. 
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Stassano  was  the  first  to  demonstrate  that  m^eable  iroa  or  a  fluid 
steel  can  be  produced  directly  from  a  pure  ore  in  the  electric  fuma«e. 
The  power  consumption  was  so  high  and  the  cost  of  briquetting  so 
great  as  to  prevent  the  commercial  application  of  this  process.  Later, 
in  1908,  Stassano  showed  by  expeiiments  the  possibility  of  obtaining 
good  steel  from  ore  containing  impurities,  but  the  cost  was  still  pro- 
hibitive. 

From  these  experiments  on  iron  ore,  Stassano  turned  to  the  de- 
velopment of  his  furnace  for  the  manufacture  of  steel  from  scrap 
iron  and  steel,  and  he  had  a  furnace  operating  for  this  purpose  at  the 
Italian  Government  gun  foundry  in  Turin  by  the  time  of  the  visit  of 
the  Canadian  Commission  in  1904. 


FIOVBB  20. — PliD  of  1-toD,  thrac-phaBe  Stanano  ateel  furnace.  Bono,  Oermanr, 
THB  KJKLUN  FURNACE. 

The  application  of  the  induction  principle  to  the  manufacture  of 
steel  was  begun  not  because  of  an  overdevelopment  of  any  electric- 
furnace  industry,  but  because  of  actual  need  of  such  a  furnace  in 
steel  manufacture.  In  1899  Kjellin,  a  Swedish  electrical  engineer, 
was  requested  by  the  works  manager  at  Gysinge,  Sweden,  to  con- 
struct an  electric  furnace.  The  furnace  was  to  be  lined  for  the 
production  of  the  highest  grade  of  tool  steel  from  Dannemora  iron 
manufactured  at  Gysinge.  Kjellin  did  not  approve  of  the  arc 
electric  furnace  used  in  carbide  manufacture,  because  he  thought  the 
contact  of  the  electrodes  with  the  charge  would  contaminate  the 
product.  A  furnace  was  designed  in  which  the  molten  ateel  lay  in 
an  annular  ring  that  was  used  as  the  secondary  coil  of  a  step-down 
transformer.    Kjellin  conceived  the  construction  independently  and 
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did  not  know  until  later,  wheea  he  applied  for  patents,  that  the  same 
principle  had  previously  been  used  for  this  purpose  by  Ferranti  and 
Colby.  To  Ejellin,  howew,  belongs  the  credit  of  constructing  the 
first  induction  sted  furnace  that  was  a  commercial  success.  Con- 
struction was  started  in  May,  1899,  and  completed  in  February,  1900. 
On  March  18,  IdOO,  the  first  steel  ingot  was  cast.  The  small  58- 
kilowatt  furnace  of  100  kilograms  (220  pounds)  capacity  produced 
about  600  kilograms  (1,320  pounds)  of  ingots  per  24  hours,  and  was 
successful  from  the  start.  A  larger  furnace  taking  165  kilowatts 
and  producing  4  tons  pw  24  hours  was  started  in  May,  1902.  In 
fundamental  design  these  furnaces  were  practically  the  same  as  the 
modem  Kjellin  electric 
steel  furnace  (fig.  21). 

INVBSTiaATIOMS  OF 
THE  CAlTAIlIAir  COK- 
KZaSION  07  1904. 

In  1904  the  commis- 
sion' appointed  by  the 
Canadian  Government 
to  investigate  electric- 
furnace  pig  ircm  and 
st«el  processes  in  Europe 
found  four  electric  fur- 
naces being  used  for  the 
production  of  steel  at 
the  following  places:  A. 

Ajeliln   furnace   at  Uy-  ,t««l  fanuce,  GrRlnge.  Sveden.     C,  laminated  Iron 

singe,    Sweden  ;    a    H6-  ^""^  "'  prlmarj  circuit ;  B,  sudiiUf  cradble. 

roult  furnace  at  Kortfors,  Sweden;  a  H^roult  furnace  at  La  Fraz, 
France;  and  a  Stassano  furnace  at  Turin,  Italy."  Such  was  the 
nucleus  from  which  the  modem  manufacture  of  steel  in  the  electric 
furnace  has  developed. 

ESFEBIMENTB  WITH  KJEIJilN  PUBNACE,  OTBINGE,  SWEDEN. 

At  Gysinge  three  experiments  were  conducted  in  a  165-kilowatt 
Kjellin  furnace  of  the  type  shown  in  figure  21.  The  first  charge 
was  arranged  to  give  a  high-carbon  steel  containing  about  1  per 
cent  of  carbon.  The  charge  consisted  of  high-gTade  Dannemora 
pig  iron,  bar  scrap  Walloon  iron,  and  some  scrap  steel  left  in  the  fur- 
nace from  previous  runs.     All  of  the  materials  had  a  l<iw  phosphorus 

•  Haanel,  B.,  Beport  of  th«  commlulon  appointed  to  laveatlgate  the  dlffcrctit  electro- 
thermic  procewea  for  the  smeltlDK  of  Iron  ores  and  tbe  maktng  of  Bteel  in  operation  lu 
Buiope:  Ulnei  Braneb,  Department  of  the  Interior,  Canada,  1904,  p.  1, 


FiQ.   21. — BlevatloB   of   l.B-ton,   alngle-phaae   Kjellin 
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and  sulphur  content  After  6  hours'  running  about  1  ton  of  very 
high-grade  steel  containing  1.082  per  oent  carbon  was  poured.  There 
was  very  little  slag  removed  in  the  process.  The  power  consump- 
tion  was  857  kilowatt-hours  per  ton. 

The  object  of  the  second  exp^iment  was  to  make  a  medium  car- 
bon steel  containing  about  0.5  per  cent  carbon.  The  same  grade  of 
material  was  charged  as  in  the  first  run  but  in  different  proportions. 
After  6^  hours'  running  about  1  ton  of  very  pure  steel,  containing 
0.417  per  cent  carbon,  was  poured.  A  little  more  slag  was  removed 
than  in  the  first  run.  The  power  consumpticm  was  I4OO  kilowatt- 
hours  per  ton. 

In  the  third  experiment  the  object  was  to  make  a  low-carbon  steel 
containing  less  than  0.2  per  cent  carbon.  The  charge  consisted  of 
bar  iron  with  a  low  carbon  content.  Three  attempts  were  made  to 
get  a  clean  pour,  but  owing  to  the  power  on  the  furnace  being  insuffi- 
cient to  give  a  temperature  high  enough  for  this  grade  of  steel  no 
precise  results  were  obtained.  The  steel  poured  contained  0.098  per 
cent  carbon  and  had  a  low  phosphorus  and  sulphur  content.  A 
little  less  than  1  ton  of  metal  was  obtained  with  a  power  consumption 
of  1,480  kilowatt-hours  per  ton. 

Kjellin  estimated  the  power  cost  at  this  plant  as  $15.50  per  kilo- 
watt-year, or  0.18  cent  per  kilowatt-hour.  On  this  basis  the  cost 
of  production  of  a  high-carbon  steel  of  the  first  class  was  estimated 
at  $37.48  per  ton,  or  $5.82  per  ton  exclusive  of  the  cost  of  material. 

The  process  as  conducted  in  1904  was,  as  regards  its  metallurgical 
features,  similar  to  the  old  crucible  process,  the  desired  variation  in 
the  finished  steel  being  produced  by  altering  the  relative  proportions 
of  pig  iron  and  scrap  iron  and  little  or  no  purificati<m  being  at- 
tempted. The  commission  found  the  Kjellin  furnace  well  adapted 
for  the  production  of  the  highest  class  of  steel  from  pure  materials. 
It  seemed  to  be  limited  in  use  to  pure  materials,  and  gave  better  results 
with  high-carbon  steel  than  with  mild  steel.  There  was  a  marked 
increase  in  power  consumption  when  the  percentage  of  carbon  in  the 
steel  was  decreased. 

EXPERIMENTS  WITH  THE  HEROULT  FURNACE,  LA  FRAZ,  FRANCE. 

At  La  Praz,  France,  two  experiments  were  made  on  the  production 
of  both  high  and  low  carbon  steel  in  a  320-kilowatt  H6roult  single- 
phase  furnace  with  a  capacity  of  2J  to  3  tons  (fig.  18),  described  oa 
page  74.  In  the  first  run  the  materials  consisted  of  scrap  iron  and 
steel  containing  0.11  per  cent  carbon,  0.055  per  oent  sulphur,  and  0.22 
per  cent  phosphorus,  and  a  slag  of  iron  ore  and  lime  for  dephosphor- 
izing. When  completely  melted  the  slag  was  poured  off  and  two  suc- 
cessive slags  of  lime,  sand,  and  fluorspar  were  added  to  remove  the 
sulphur.  The  charge  was  poured  after  a  run  of  4^  hours.  About 
1^  tons  of  excellent  steel  was  obtained,  containing  0.079  per  cent 
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carbon,  0.009  per  cent  phosphorus,  and  0.022  per  cent  sulphur.  This 
steel  was  for  transformers.  The  yield  was  84  per  cent  of  the  total 
charge  of  metal.  The  power  consumption  was  1,555  kilowatt-hours 
per  tern. 

The  object  of  the  second  experiment  was  to  produce  a  high-carbon 
steel.  The  charge  was  about  the  same  as  in  the  first,  but  after  com- 
plete purification  at  the  end  of  5  hours  and  20  minutes  the  bath  was 
recarburized  by  the  addition  of  carburite,  a  mixture  of  pure  carbon 
and  iron.  Eight  hours  after  starting  about  2}  tons  of  steel  was 
poured.  This  yield  was  about  90  per  cent  of  the  charge  of  metal. 
The  steel  contained  1.016  per  cent  carbon,  0.02  per  cent  sulphur,  and 
0.009  per  cent  phosphorus.  The  power  consiunption  was  2,840  kilo- 
watt-hours per  ton. 

The  electrode  consumption  was  about  18  kg.  (39.6  pounds)  per  ton. 
There  was  a  50  per  cent  loss  in  electrodes  due  to  unconsumed  ends. 
These,  however,  were  mixed  with  an  equal  quantity  of  fresh  coke  to 
make  new  electrodes.  Harbord^  estimated  the  cost  of  converting 
scrap  into  steel  at  La  Praz  at  $15.40  per  ton  of  product  exclusive  of 
matmals. 

The  operation  at  La  Praz  was  decidedly  different  from  that  at 
Gysinge;  at  Gysinge  high-grade  steel  was  produced  from  pure  ma* 
terials,  while  at  La  Praz  a  high-class  steel  was  made  from  low- 
grade  scrap.  The  high  power  consumption  at  La  Praz  was  due  to 
the  necessarily  prolonged  use  of  dephosphorizing  slags.  When  scrap 
iron  nearly  free  from  carbon  was  used,  the  first  product  obtained  was 
soft  steel ;  to  obtain  high-carbon  steel  suitable  additions  of  carbon  had 
to  be  made.  For  this  reason  the  consumption  of  energy  was  greater 
with  high-carbon  than  with  low-carbon  products.  The  process  at  La 
Praz  was  the  reverse  of  the  one  at  Gysinge,  where  a  high-carbon  ma- 
terial was  available  at  the  start.  The  methods  depend  on  the  mate- 
rials available.  Although  fine  raw  material  had  to  be  used  at  Gysinge, 
any  sort  of  scrap  could  be  used  in  the  H^roult  furnace  because  of  the 
high  temperature  and  the  easy  manipulation  of  slags.  The  com- 
mission found  the  H^roult  furnace  admirably  suited  to  the  manufac- 
ture of  high-grade  tool  steel  from  impyre  materials. 

CONCLUSIONS  OF  THE  COMMISSION. 

The  conclusions  reached  in  1904  by  Harbord,*  metallurgist  of  the 
commission,  in  respect  to  the  electric  production  of  steel,  were  as 
follows : 

1.  steel  equal  in  aU  respects  to  the  best  Sheffield  crucible  steel  can  be  pro- 
duced either  by  the  KJellin  or  H^roult  processes  at  a  cost  ccmaiderablj  less  than 
the  cost  of  producing  high-class  crucible  ste^. 

•  Harbord,  F.  W.,  Beport  of  the  oommlBslon  appointed  to  investigate  the  different  elec- 
trotbennlc  processes  for  the  smelting  of  iron  ores  and  the  making  of  steel  in  operation 
in  Bnrope ;  Mines  Branch,  Department  of  the  Interior,  Canada,  1004,  p.  50. 

»  Harbord,  F.  W.,  loc.  <AU,  p.  115. 
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2.  Strnctnral  ateel  to  compete  with  Siemens  or  Beoeemer  steel  csn  Dot  bt 
economtcall7  produced  In  electric  furnaces,  and  such  furnaces  can  be  uaeA 
commerdalty  only  for  the  productlm  of  ezc^itloiially  Mgh-clasa  steel  for 
special  purposes. 

lATEB  SEV1:L0FM£NT  OP  THE  EI.ECTBIC  STEEI.  FITBNACX. 

THB  GIHOD  AKO  FDRNACE. 

In  connection  with  the  development  of  the  Girod  ferro-alloys  works 
at  Ugine,  France,  Girod  had  deTised  an  arc  furnace  with  a  noncarbon- 
conducting  hearth  that  was 
used  for  the  mantifactore 
of  low-csrbon  alloys.  As 
the  ferro-alloy  indastry  be- 
came well  estaMished,  Gi- 
rod turned  his  attention  to 
a  steel  furnace,  and  in  1905 
constructed  a  furnace  based 
upon  the  principles  of  the 
earlier  ferro-aUoy  furnace. 
The  furnace  (fig.  22)  has  a 
conducting  hearth  consist- 
ing of  magnesite,  in  which 
iron  poles  are  embedded  to 
serve  as  conductors.  The 
poles  are  water-cooled  at 
the  lower  ends.  There  may 
be  one  or  more  upper  car- 
bon electrodes.  Thus  the 
chief  feature  of  the  Girod 
furnace  may  be  traced  back 
to  the  lower  water-cooled 
iron  electrode  of  Siemens. 
Girod  was  the  first  to  apply  the  noncarbon  conducting  hearth  to  the 
steel  furnace. 

OTHEH  ARC  FDRNACE8. 

After  the  introduction  of  the  noncarbon  conducting  hearth  in  liWi 
other  furnaces  similar  to  the  Girod  were  developed.  The  Keller 
furnace  (fig.  23)  is  similar  to  the  Girod  furnace,  except  that  there 
are  numerous  iron  rods  embedded  in  the  hearth  of  magnesit« 
about  IJ  inches  apart,  instead  of  about  six  poles,  as  in  the  Girod 
furnace.  The  whole  mass  of  magneeite  and  iron  acts  as  a  conductor 
when  hot. 
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Gronwall  constructed  a  furnace  (figs.  24,  25)  having  a  oonducting 
hearth  composed  of  a  mixture  of  dolomite  and  tar,  and  two  upper  car- 


FianiB  S3. — EleTatloD  of  S-ton,  tbree-pbase  Keller  Bteel  furnace,  Unleui,  FcRDce. 
boa  electrodes  which  were  each  connected  to  a  phase  of  a  two-phase 
^stem,  the  hearth  forming  the  neutral  ooint  of  the  system. 


FiaOBC  24. — EleTStton  of  S.S-ttoi,  two-pbaae  GrOnwall  MeeL  rurnace,  BbelDeld,   Engtaud. 

Nathusius  has  built  a  furnace  (Bg.  26)  combining  the  principles 
of  the  arc  and  resistance  furnaces,  as  Uie  hearth  contains  three  poles 


68 


BLBOTBIO  PUBNACBS. 


of  iron,  each  connected  to  a  phase  of  a  three-phase  system,  while  there 
are  also  three  upper  carbon  electrodes,  each  connected  to  a  phase. 
This  is  the  latest  development  of  the  arc-resistance  furnace. 

Other  furnaces  of  the  arc  type  which  have  been  designed  and  built 
since  1904  are  the  Anderson,  Chaplet,  and  Soderburg  furnaces. 
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FiouBB  25. — Longitudinal   elevation  of  2.5-ton,  two-phase  GrOnwall  steel  furnace, 

Sheffield,  England. 


THE  ROCHLING-RODENHAUSER  FURNACE. 


The  Rochling-Rodenhauser  electric  steel  furnace  (fig.  27)  was 
developed  from  the  original  Kjellin  design  in  1906  to  meet  the  re- 
quirements for  refining  molten  basic  Bessemer  steel.  It  combines 
two  methods  of  electric  heating — the  ordinary  heating  by  electric 
induction  currents  and  heating  by  induction  currents  that  are  intro- 
duced into  the  molten  bath  through  metal  plates.  It  is  the  most 
widely  adopted  induction  furnace  of  the  present  time,  and  the  design 
is  practically  the  same  as  the  original.    The  Rochling-Rodenhauser 
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furnace  was  the  Srst  induction  furnace  that  could  be  heated  with  a 
current  of  ordinary  frequency  without  having  too  low  a  power  factor, 
as  had  the  old  design. 

OTHER    INDUCTION    PURNACBS. 

Other  induction  furnaces 
are  the  Frick,  the  Hiorth, 
and  the  Paragon  furnace  of 
Harden.  Several  furnaces 
of  the  first  two  types  have 
been  built,  but  their  adop- 
tion has  not  been  widespread. 
Greene"  has  devised  a  com- 
bination induction  converter 
which  has  not  passed  beyond  b,,^i,«  2e.-mev.ti0n  of  N,thnrtna  tbm-pbu 
the  experimental  stage.  ^'kI  tumace  shoving  principle  of  operation. 


I     2T      o * 1 


With  the  natural  increase  in  size  of  units  constructed  there  has 
been  a  marked  tendency  to  use  three-phase  electric  current  in  the 


laz^r  furnaces  of  all  types,  except  the  induction  furnace.     Many  of 
tiie  recent  furnaces  have  been  designed  especially  with  this  in  view 
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to  save  the  expense  of  installing  motor  generator  sets  for  transforma- 
tion from  three  or  two  phase  current  to  single-phase  current.  At 
present  new  generating  units  are  invariably  three-phase  if  the  ^lergy 
is  to  be  transmitted  a  considerable  distance.  It  is  probable  that 
a  more  even  distribution  of  heat  is  obtained  in  a  large  furnace  by  the 
use  of  three-phase  current  In  induction  furnaces  it  has  been  proved 
by  experience  thrft  for  unils  above  3  tons  three-phase  current  does 
not  give  as  good  satisfaction  as  single-phase  current,  owing  to  the 
complicated  nature  of  the  electrical  transforming  part  of  the  furnace. 

Electrode  consumption  has  been  reduced  considerably  as  a  result 
of  the  production  abroad  of  amorphous  carbon  electrodes  in  sizes 
up  to  24  inches  (61  cm.)  in  diameter,  that  screw  into  each  other  so 
that  the  butts  are  not  wasted.  Graphite  electrodes  of  this  design 
have  been  made  in  this  country,  but  up  to  a  recent  date  no  domestic 
amorphous  carbon  electrodes  threaded  for  continuous  feeding  were 
made.  The  strength  and  density  of  the  carbon  electrode  are  consider- 
ably greater  than  they  were  several  years  ago.  The  carbon  electrode 
is  used  almost  entirely  by  foreign  electric-steel  manufacturers,  because 
of  its  greater  cheapness. 

Generally  speaking  electric  steel  furnaces  were  first  operated  by 
men  not  familiar  with  the  steel  industry,  so  that  linings  and  roofs 
were  not  always  properly  constructed.  The  rather  high  cost  item 
that  resulted  has  been  reduced  considerably  with  the  adoption  of 
the  electric  furnace  by  established  steel  firms.  • 

Under  the  hand  of  the  steel  manufacturer,  the  electric  furnace 
seems  to  be  gradually  taking  the  form  of  the  open-hearth  furnace. 
The  hearth  proper  of  the  Heroult  furnace  is  like  an  open  hearth,  but 
the  furnace  is  charged  from  tiie  sides  and  front  and  is  generally  set 
back  a  short  distance  from  the  edge  of  the  working  floor.  In  the 
open-hearth  furnace  the  charging  door  is  on  one  side  and  the  pour- 
ing spout  on  the  opposite  side,  the  furnace  being  level  with  the  edge 
of  the  working  floor.  The  electrode  supports  of  the  Heroult  furnace 
as  at  present  arranged  prevent  the  use  of  a  back  charging  door.  The 
Girod  furnaces  at  Ugine,  however,  are  similar  to  the  open-hearth 
furnace  in  these  respects,  as  the  electrodes  are  supported  from  the 
sides.  A  three-phase  Heroult  furnace  now  being  constructed  in 
England  is  to  have  the  three  electrodes  suspended  from  the  sides  as 
in  the  Girod  furnace,  with  a  back  charging  door  opposite  the  spout 
and  close  to  the  edge  of  the  working  floor.  The  Kjellin  furnace  is 
simply  an  annular  crucible.  The  Rochling-Rodenhauser  furnace  has 
a  rather  large  hearth  in  the  center,  and  a  charging  door  opposite  the 
pouring  spout. 

The  wider  use  of  the  electric  process,  together  with  the  improve- 
ments mentioned,  has  resulted  in  a  considerable  increase  in  heating 
efficiency  over  the  results  obtained  in  1904, 
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For  a  few  years  the  induction  furnace  was  developed  as  rapidly 
as  the  arc  furnace,  but  during  the  past  three  years  its  use  has  not 
increased  as  rapidly.    The  reason  for  this  will  be  discussed  later. 

PRESENT  STATUS  OF  THE  EUBCTBIC  STEBIj  INDUSTBY. 

In  1904  there  were  4  electric  furnaces  being  used  in  Europe  for 
the  manufacture  of  steel,  whereas  to-day  there  are  114  electric  furnaces 
producing  steel  in  Europe  and  the  United  States  and  80  others  are 
in  course  of  construction.  As  in  other  electrothermic  processes,  de- 
velopment has  not  been  so  rapid  in  the  United  States  as  in  Europe. 
Only  14  furnaces  are  in  this  country.  The  average  capacity  per 
charge  of  the  furnaces  already  built  is  3.7  tons,  whereas  that  of  the 
furnaces  under  construction  is  4.6  tons,  an  increase  of  21.6  per  cent. 
The  total  charge  capacity  of  the  furnaces  now,  installed  is  about  250 
tons  per  charge,  and  the  total  charge  capacity  of  the  furnaces  under 
construction  will  be  170  tons  per  charge.  The  arc  furnaces  vary  in 
capacity  from  1  to  15  tons  and  require  from  200  to  1,500  kw.  for 
operation.  A  H6roult  furnace  of  25-ton  capacity,  requiring  3,000 
kw.,  is  nearly  completed  at  Bruckhausen,  Germany.  The  induction 
furnaces  vary  in  capacity  from  1  to  10  tons  and  require  from  166  to 
600  kw.  for  operation. 

Of  the  114  furnaces  in  operation  84  are  arc  furnaces  and  30  are 
induction  furnaces ;  of  the  30  under  construction,  26  are  arc  furnaces 
and  4  induction  furnaces. 

The  following  table  gives  the  annual  production  of  steel  in  electric 
furnaces,  by  countries,  for  the  years  1908  to  the  first  half  of  1918 . 
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From  Table  1  it  may  be  seen  that  for  a  new  process  in  so  con- 
servative an  industry  as  iron  and  steel  manufacture,  progress  has  been 
very  rapid  since  1908.  Germany  leads  all  countries  in  the  steady 
growth  of  the  process  and  the  total  tonnage  produced.  Although  in 
Germany  the  production  of  electric-furnace  steel  increased  67.8  per 
cent  in  1911,  in  the  United  States  it  decreased  44.2  per  cent.  The  de- 
crease in  this  country  was  probably  due  to  the  conservatism  of  Ameri- 
can steel  makers,  which  has  prevented  the  wide  adoption  of  the  process 
before  experimental  results  have  conclusively  proved  its  merits. 
From  present  indications  there  will  be  a  considerable  increase  in  the 
production  of  electric- furnace  steel  in  this  country  in  the  near  future, 
although  a  very  small  tonnage,  6,882  tons,  was  reported  by  the  Ameri- 
can Iron  and  Steel  Institute  as  the  output  for  the  first  half  of  1912.o 
Of  the  total  production  of  electric- furnace  steel  in  the  United  States 
in  1911,  27,227  tons  were  ingots  and  1,878  tons  castings.  Of  the  total 
tonnage  of  electric-furnace  steel  made  here  in  1911,  6,700  tons  were 
alloy  steel  and  462  tons  were  rolled  into  rails.  The  large  production 
of  steel  in  the  United  States  and  Germany  in  proportion  to  the  num- 
ber of  furnaces  operating  is  due  to  the  use  of  molten  Bessemer  and 
open-hearth  steel  instead  of  cold  scrap.  The  use  of  the  latter  almost 
entirely  accounts  for  the  comparatively  small  tonnage  produced  by 
France  in  proportion  to  the  number  of  furnaces  in  operation.  No 
figures  were  obtained  for  England,  but  it  is  probable  that  at  least 
10,000  tons  of  electric-furnace  steel  is  manufactured  in  England.  It 
is  estimated  that  about  12  furnaces  operate  there,  several  of  which 
receive  hot-metal  charges.  Italy,  Norway,  Switzerland,  Belgium, 
and  Russia  produce  small  tonnages  also.  The  slight  increase  in  the 
total  electric-furnace  steel  production  for  1911  over  that  produced  in 
1910  was  caused  by  the  big  decrease  in  production  in  the  United 
States. 

In  the  first  years  of  its  development  the  electric  process  was  con- 
sidered as  a  competitor  of  the  crucible  process  only  for  making  high- 
class  steel  from  scrap  iron  and  scrap  steel;  but  with  the  successful 
operation  of  larger  furnaces  the  electric  process  is  likely  to  become 
an  important  adjunct  to  the  Bessemer  and  open-hearth  processes  as  a 
means  of  superrefining  the  molten  products  that  they  yield.  The 
electric  process,  however,  does  not  appear  to  be  destined  to  supersede 
either  of  these  methods,  as  greater  efficiency  and  economy  are  ob- 
tained by  a  combination  of  any  two  of  the  three  processes  as  a  duplex 
process.  The  success  of  recent  experiments  has  obtained  for  the 
electric  process  a  definite  place  as  a  superrefining  method.  In  time 
preliminary  refining  will  probably  be  done  mainly  in  the  Bessemer 
converter,  the  process  being  finished  in  the  electric  furnace  or  the 
open  hearth.    In  Europe  the  electric-furnace  process  for  making  steel 

•  Iron  Age,  The  world's  output  of  electric  steel ;  vol.  91,  1913,  p.  304. 
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of  the  highest  grades  is  rapidly  superseding  the  old  crucible  method, 
because  of  its  greater  economy  of  operation  and  the  possibility  of 
using  materials  of  lower  grade. 

EliECTRIC  STEEL  FURNACES.  ! 

I 

In  general  electric  furnaces  in  commercial  use  for  the  manufacture 
of  steel  may  be  divided  into  two  groups — ^arc  furnaces  and  induction  | 

furnaces.  In  the  arc  furnace  the  heating  is  caused  by  the  arc,  whidi 
may  be  between  the  electrode  and  the  bath,  or  between  two  or  more  ! 

electrodes  so  arranged  as  to  heat  the  metal  by  radiation  only.  In  the 
induction  furnace  the  heat  is  supplied  by  a  current  induced  in  the 
bath.  The  operation  is  similar  to  that  of  a  step-down  transformer^ 
having  a  large  number  of  primary  turns  and  a  single  secondary  turn, 
which  is  formed  by  the  steel  in  the  furnace. 

ABC  FT7BNACES. 

I 

THE-  HEROULT  FTJRNACB. 

The  H^roult  electric  steel  furnace  heads  the  list  of  electric  fur- 
naces  in  use  in  the  iron  and  steel  industry  with  31  furnaces  already 
built  and  20  others  in  course  of  construction.  The  wide  use  of  the 
H6roult  furnace  is  due  chiefly  to  its  efficiency,  simplicity  of  con- 
struction, and  adaptability  to  many  different  uses.  Also  it  was  the 
pioneer  electric  steel  furnace. 

SINGLE-PHABE  H^BOULT  FUBNACE. 

The  design  of  the  2^-ton,  single-phase  H6roult  furnace  has  changed 
little  from  that  (fig.  18)  of  the  first  H^roult  furnace,  which  has  been 
in  operation  at  La  Praz,  France,  continuously  since  1900.  The  fur- 
nace consists  of  a  shallow  hearth  of  dolomite,  similar  to  the  open 
hearth,  incased  in  a  steel  shell,  and  covered  with  a  roof  of  silica 
brick.  The  2^-ton  Heroult  furnace  at  Braintree,  England,  has  the 
pouring  spout  in  the  center  of  one  side,  and  two  doors,  one  on  each 
end  of  the  furnace.  There  are  two  14-inch  carbon  electrodes  pro- 
jecting into  the  furnace  through  the  roof  and  held  in  place  by  a 
steel  framework  extending  from  the  rear  over  the  roof.  The  electric 
current  arcs  between  each  of  the  electrodes,  which  are  connected  in 
series,  and  the  bath,  thus  passing  through  the  bath.  The  Braintree 
furnace  is  operated  with  300-kw.  25-cycle  alternating  current  at  100 
volts.  The  furnace  is  set  on  curved  steel  bars,  the  whole  being  on 
a  concrete  foundation,  and  is  tilted  by  rotating  a  screw,  operated  by 
a  5-kw.  electric  motor.  Springs  are  used  on  the  bottom  to  keep  the 
furnace  from  creeping. 

The  exterior  of  the  2|-ton  furnace  is  5  feet  6  inches  wide,  7  feet 
6  inches  long,  i  feet  9  inches  high  to  the  top  of  the  roof,  and  9  feet 
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3  inches  high  to  the  top  of  the  electrode  holders.  The  furnace 
foundation  is  2  feet  6  inches  above  the  main  floor  of  the  foundry. 
The  whole  furnace  is  incased  in  plate  steel  f  inch  thick. 

In  lining  the  furnace  a  mixture  of  tar  and  dolomite  is  tamped  in 
around  a  sectional  mold  to  a  depth  of  9  inches  to  form  the  bottom. 
The  sides  of  the  hearth  slope  about  60  degrees  up  to  about  18  inches 
above  the  bottom.  From  here  up  to  the  roof,  15  inches,  the  lining 
is  magnesite  brick.  The  lining  is  12  inches  thick  on  the  sides  and 
14  inches  thick  on  the  ends.  The  internal  dimensions  of  the  furnace 
are  4  feet  2  inches  by  1  foot  B  inches  at  the  bottom  of  the  hearth, 
and  5  feet  by  2  feet  7  inches  at  the  top,  with  a  depth  of  31  inches. 
The  doors  are  9  by  10^  inches.  The  customary  roof  for  this  type 
of  furnace  is  silica  brick,  set  so  as  to  give  a  roof  12  inches  thick.  At 
Braintree  considerable  difficulty  has  been  experienced  with  the  roof 
and  several  kinds  of  brick  have  been  tried,  such  as  silica,  magnesite, 
and  bauxite.    Bauxite  brick  were  being  used  recently. 

The  electrodes  are  threaded  for  continuous  feeding  and  are  used  in 
either  4  or  6  foot  sections.  Each  of  the  two  electrode  holders  consists 
of  two  vertical  9-inch  channel  irons  that  are  set  5  inches  apart  and  act 
as  guides  for  two  f-inch  copper  plates.  These  vertical  copper  platea 
are  attached  to  a  heavy  horizontal  copper  plate  that  extends  over  the 
furnace  and  has  a  clamp  tightened  by  a  screw  for  supporting  the 
electrodes.  The  electrodes  may  be  raised  or  lowered  by  hand  wheels 
at  the  rear  or  by  automatic  Thury  regulators.  In  later  furnaces  the 
copper,  that  serves  to  support  the  electrode  as  well  as  conduct  the 
current,  is  to  be  replaced  by  manganese  steel  supports  and  copper  bus 
bars  large  enough  to  conduct  the  current.  This  will  strengthen  the 
holder  and  refduce  the  amount  of  copper,  about  1  ton  being  neces- 
sary in  the  old  design.  The  electrode  holders  are  water  cooled  at  the 
electrodes,  and  there  are  copper  water  jackets  around  the  electrodes 
where  they  enter  the  roof. 

The  cost  of  a  2i-ton  Heroult  electric  steel  furnace  may  be  estimated 
as  follows: 

The  furnace,  automatic  regulators,  platform,  transformers,  switch- 
board, and  other  equipment  Will  cost  when  completely  installed  about 
$12,000  to  $15,000,  exclusive  of  crane  or  buildings ;  allow  an  engineer- 
ing fee  of  $5,000,  and  $350  per  month  and  expenses  for  an  expert  to 
establish  the  operation  of  the  furnace,  making  a  total  of  about 
$26,000.  The  royalty  on  tool  steel  produced  would  be  from  $1  to  $3 
per  ton  according  to  quantity,  and  on  castings,  billets,  or  ingots  50 
cents  per  ton. 

THREE-PHASE  HEROULT  FURNACE, 

With  the  use  of  three-phase  electric  current  in  the  H6roult  furnace 
of  15  tons  capacity  a  slightly  modified  design  has  been  made.    Until 
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recently  the  largest  three-phase  Heroult  furnaces  were  the  two  in 
this  country,  one  at  South  Chicago,  111.,  and  the  other  at  Worcester, 
Mass.,  which  are  of  identical  design,  but  recently  there  has  been 
erected  a  26-ton  three-phase  H6roult  furnace  at  Bruckhausen,  Ger- 
many, and  a  22-ton  furnace  is  almost  completed  at  the  same  plant. 

The  essential  difference  between  the  16-ton,  three-phase  furnace  at 
South  Chicago,  111.,*  and  the  single  phase  2.6-ton  Heroult  furnace  is 
that  in  place  of  two  electrodes  there  are  three  let  down  through  the 
roof  so  that  their  ends  form  the  vertices  of  an  equilateral  triangle,  each 
side  of  which  is  6  feet  2  inches  long,  one  vertex  of  this  triangle  point- 
ing toward  the  back  of  the  furnace.  The  center  of  this  triangle 
coincides  with  the  center  of  the  furnace.  Each  electrode  is  connected 
to  a  phase  of  a  three-phase  circuit. 

A  steel  overhead  structure  supports  the  electrodes,  the  weight  being 
directly  supported  by  chains  which  run  back  over  pulleys  on  the 
framework  to  the  drums  at  the  back  of  the  furnace.  The  electrodes 
are  kept  in  alignment  by  vertical  guides.  The  chains  are  attached  to 
three  separate  solid  copper  holders,  which  are  bolted  directly  to  the 
bus  bars.  In  front  these  holders  are  split  and  joined  with  a  right- 
and-left  screw,  which  enables  the  holder  to  be  opened  or  closed  at 
will.  The  holders  can  be  made  to  carry  any  size  of  electrode  up  to 
24  inches  diameter  by  use  of  contact  blocks. 

The  electrode  may  be  regulated  by  three  hand  regulators  about  4 
feet  back  of  the  furnace,  or  by  automatic  regulators.  There  is  an 
individual  motor  for  each  electrode  and  a  complete  automatic  device 
similar  to  the  Thury  regulator. 

The  furnace  proper  has  a  shallow  hearth,  as  in  the  single-phase 
furnace,  but  is  circular  instead  of  rectangular.  The  outside  dimen- 
sions are  approximately  that  of  a  complete  circle  13.5  feet  in  diameter, 
with  two  flattened  portions  at  the  front  and  back.  The  furnace  shell 
is  of  plate  steel  1  inch  thick,  riveted  together. 

The  furnace  bottom  is  made  of  one  row  of  magnesite  brick  laid  on 
edge  across  the  steel  shell,  over  which  is  rammed  dead-burned  Spaeter 
magnesite  to  a  depth  of  12  inches  at  the  center — its  thinnest  point. 
The  side  walls  consist  of  two  rows  of  magnesite  bricks  laid  on  end, 
giving  a  thickness  of  18  inches  up  to  the  furnace  roof.  The  roof  is 
made  of  silica  brick  and  is  12  inches  thick.  There  is  an  8-inch  rise 
in  the  10- foot  span  across  the  furnace. 

The  furnace  has  five  doors,  two  on  each  side  and  one  in  front  over 
the  pouring  spout,  of  cast  iron  lined  with  fire  brick,  4^  inches  thick. 
They  are  operated  by  steam  pressure,  with  the  exception  of  the  one 
over  the  pouring  spout,  which  is  operated  by  hand  with  a  counter- 
balance. 

•  Osborne,  G.  C,  The  16-ton  Heroult  furnace  at  the  South  Chicago  works  of  the  nU- 
noi8  Steel  Co. :  Trans.  Am.  Electrochem.  Soc,  toI.  10,  1911.  p.  205. 
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The  foundation  is  of  concrete  and  extends  5  feet  above  the  ground. 
On  the  foundation  is  a  stationary  rack  8  feet  9  inches  long,  upon 
which  the  furnace  proper  rests  on  a  floating  pinion  fastened  to  the 
shell  by  rivets.  The  arc  of  this  floating  pinion  has  a  radius  of  10 
feet,  which  gives  the  furnace  a  tilting  angle  of  29®.  Attached  to  the 
extreme  back  of  the  furnace  is  an  18-inch  plunger  with  a  4- foot  stroke 
working  in  a  cylinder  attached  to  a  hydraulic  line  of  600  pounds 
pressure  per  square  inch,  which  gives  a  lifting  power  of  about  45 
tons.    The  furnace  rights  itself  by  its  own  weight  after  tilting. 

For  operation  the  furnace  takes  1,200  to  1,500  kw.,  supplied  by  a 
three-phase  current  at  about  90  volts,  and  having  a  frequency  of  25 
cycles. 

THE  GIROD  FURNACE. 

The  main  difference  between  the  Girod  electric  steel  furnace  and 
the  Heroult  furnace  is  that  the  former  has  a  hearth  which  conducts 
the  electric  current.  There  are  in  operation  16  Girod  furnaces  of 
2.5  to  12  tons  capacity  and  5  are  in  course  of  construction.  This 
type  of  furnace  seems  to  be  especially  satisfactory  in  the  refining  of 
cold  scrap  steel  because  of  the  slight  fluctuations  in  power  demand. 

SINGLE-PHASE  GIBOD  FUBNACE. 

The  single-phase  furnace  at  Ugine,  France*  (fig.  28),  ha?  a  shallow 
conducting  hearth  of  dolomite  with  pieces  of  soft  steel  embedded  in 
the  dolomite  near  the  periphery,  and  a  carbon  electrode  passes  through 
the  roof.  In  the  operation  of  the  furnace  current  passes  through  the 
carbon  electrode  and  through  the  steel  bath,  which  touches  the  tops 
of  the  steel  poles  embedded  in  the  hearth.  The  furnace  is  mounted 
on  rollers  and  tilted  by  an  electric  motor.  This  furnace  has  a  capacity 
of  2.5  to  3  tons  and  is  operated  with  300  kw.  The  voltage  is  60  to  65 
volts,  and  the  frequency  of  the  current  is  25  cycles. 

The  hearth  of  the  furnace  is  3  feet  square  at  the  bottom  and  6  feet 
square  at  the  top.  The  roof  is  31  inches  above  the  hearth.  The 
water-cooled  steel  electrodes  (fig.  29),  embedded  in  the  hearth  when 
new,  project  beyond  the  bottom  of  the  hearth  a  short  distance. 
There  are  6  steel  poles  set  on  the  circumference  of  a  31-inch  circle. 
The  floor  of  the  hearth  is  made  of  dolomite  and  tar  rammed  in.  The 
walla  are  magnesite  brick;  the  roof  is  silica  brick.  The  roof  is  in- 
sulated from  the  walls  by  a  thin  layer  of  asbestos.  The  whole  hearth 
is  encased  in  a  f -inch  steel  shell  and  is  set  on  a  concrete  foundation 
that  extends  6  feet  above  the  ground  level.    The  furnace  has  one 

■  Borchers,  W.,  Bleetrle  mneltiDg  with  the  Olrod  furnace :  Trnna.  Am.  Inst.  Min.  Eng., 
▼ol.  41,  1910.  p.  120. 
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charging  door  at  the  rear  and  a  pouring  spout  in  front,  and  resem- 
bles the  open-hearth  furnace  even  more  than  the  H^roult  furnace 
does. 

The  2.5-ton  fur- 
naces at  Ugine  are  op- 
erated with  carbon 
electrodes  14  inches  in 
diameter  and  5  feet 
long,  some  of  which 
are  threaded  for  con- 
tinuous feeding.  The 
means  of  supporting 
the  electrode  differs 
from  the  Heroult 
scheme  in  that  the 
suppOTting  steel  struc- 
ture is  built  over  the 
furnace  from  the  sides 
(fig.  22),  making  it 
possible  to  have  a 
door  at  the  rear.  The 
crosspiece  holds  a 
water  -  cooled  holder 
attached  to  the  elec- 
trode. There  is  also  ft 
water  jacket  around 
the  electrode  where  it 
passes  through  the 
roof.  The  crosspiece 
is  raised  or  lowered 
by  a  screw  at  each 
end,  the  side  struc- 
tural work  serving  as 
guide.  The  elec- 
trode may  be  adjusted 
by  hand  or  by  auto- 
matic control. 

With  a  conducting- 
hearth  furnace  there 
is  a  considerable  tend- 
ency to  the  presence  of 

PiauM   28.— Plan  and  elevation  of  2.5   to  3  ton.    single-  induced  CUirCntS  in  the 
phan  Girod  ated  furnace,  Dgine,  Prance.  steel  shell  whichrednCC 

the  power  factor.    Hence  the  arrangement  of  the  electrical  con- 
ductors is  of  great  importance  in  the  Girod  furnace.    Three  meth- 
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ods  have  been  used:  (1)  The  shortest  path  fnoa  the  motor-generator 
set  to  the  carboa  and  steel  electrode  is  iised,  so  that  all  of  the  cables 
are  on  the  side  of  the  furnace  that  faces  the  motor  generator.     (2) 
The  cable  to  the  electrode  is  in  two  parallel  sections,  and  the  steel 
electrode  is  connected  by  the  shortest  path  to  the  motcn-'generator 
set,  so  that  each  steel  pole  has  a  direct  cable  connection  with  the 
generator.     (3)  The  third  method  is  now  being  adopted  for  the 
latest  furnaces  of  this  type.    The  current  is  conducted  to  the  carbon 
electrode  in  a  manner  similar  to  method  2,  but  whereas  in  methods  1 
and  2  the  bottom  steel  electrodes  are  insulated  from  the  furnace 
body,  in  this  method  the  steel  electrodes  are  electrically  connected  to 
the   furnace   body;    also   the   con- 
ductors are  bus  bars  instead  of  cables 
attached  to  the  steel  shell  of  the 
furnace.     These  bus  bars  are  ar- 
ranged  symmetrically    around   the 
furnace.       This     arrangement     is 
shown  in  figure  22."     The  advan- 
tages of  this  arrangement  are:  A 
better  agitation  of  the  bath  due  to 
the  arc  circling  around  the  periph- 
ery of  the  carbon  electrode,  greater 
durability  of  roof  and  lining,  a  sav< 
ing  of  10  per  cent  of  energy  con- 
sumption, the  use  of  copper  bus  bars 
instead  of  cables,  lack  of  current 
interruptions  due  to  rupture  of  the 
arc,  and  reduction  of  electrode  con- 
sumption.  ^,^^^^  „,^  ,„  Q,^  ^„,^ 

The  cost  of  the  metallic  parts  of 
a  2.5-ton  Girod  furnace,  including  electrode  regulators,  measuring 
instruments,  tilting  device,  and  conductors  from  the  furnace  to  a 
dynamo  or  transformer  near  the  furnace  room,  not  including  trans- 
forming or  generating  machinery  and  license  fee,  is  estimated  at 
about  $3,000.  The  cost  of  a  plant  consisting  of  one  2.5-ton  fumaee 
for  regular  running  and  one  furnace  for  reserve,  with  all  appliances 
and  smelter  building,  but  without  dynamo  or  transformer,  is  esti- 
mated to  be  approximately  $40,000  to  $50,000.  The  license  fee  is  not 
included  in  this  estimate. 

THBEB-PHASE  GIBOD  FCBITACE. 

A  section  of  the  three-phase  10  to  25  ton  Girod  furnace  is  shown 
in  figure  80.    There  are  four  upper  carbon  electrodes  14  inches  in 
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diameter,  which  with  their  connections  constitute  the  essential  dif- 
ference between  the  single-phase  and  the  three-phase  furnace.  On  a 
three-phase  circuit  the  Girod  furnace  is  connected  by  the  star  con- 
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nection.  Two  of  the  carbon  electrodes  are  each  connected  to  a  phase. 
The  other  two  are  connected  in  parallel  with  the  third  phase,  while 
the  hearth  is  connected  so  as  to  form  the  neutral  point  of  the  system. 
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There  are  16  bottom  electrodes  of  steel.  The  12-ton  furnace  uses  from 
1,000  to  1,200  kw.,  supplied  by  a  25-cycle  current  at  70  to  76  volts. 

The  interior  of  the  hearth  of  the  12-ton  furnace  is  4  feet  square 
at  the  bottom,  widening  out  to  10  feet  at  the  top.  The  silica  brick 
roof  is  set  3  feet  9  inches  above  the  hearth  of  dolomite.  The  bottom 
is  tamped  in  to  a  depth  of  20  inches. 

The  furnace,  with  the  exception  that  there  are  three  charging 
doors  at  the  rear  instead  of  one,  is  similar  to  the  single-phase  2.5-ton 
furnace.  The  four  electrode  holders  are  set  two  on  a  side,  arranged 
as  in  the  smaller  furnaces. 

The  metallic  parts  of  a  10  to  12.5  ton  three-phase  Girod  furnace, 
including  regulators  for  the  electrodes,  measuring  instruments,  tilt- 
ing mechanism,  and  conductors  from  the  furnace  to  a  dynamo  or 
transformer  near  the  furnace  room,  but  not  transforming  or  generat- 
ing machinery  and  license  fee,  cost  about  $6,000.  A  plant  with  one 
12-ton  furnace  in  reserve,  including  building,  but  without  dynamo 
or  transformer,  is  estimated  to  cost,  license  fee  excluded,  about 
$60,000  to  $100,000. 

THE  8TA88ANO  FUKNACE. 

The  Stassano*  electric  steel  furnace  differs  from  other  electric 
steel  furnaces  in  that  the  electrical  current  does  not  pass  through  the 
metal  or  slag.  All  heating  is  by  radiation  from  three  horizontal 
arcs.  The  power  consumption  of  the  Stassano  furnace  is  somewhat 
higher  than  that  of  some  others,  so  that  its  use  is  limited  to  fur- 
naces having  a  capacity  of  not  more  than  2  tons  for  making  high- 
grade  small  steel  castings.  At  present  there  are  16  Stassano  fur- 
naces in  operation  in  sizes  up  to  2  tons  capacity  and  one  is  in  course 
of  construction. 

The  Stassano  furnace  (figs.  19  and  20)  has  a  circular  hearth  with 
a  cylindrical  melting  chamber  above.  In  the  1-ton  furnace  (figs.  19 
and  20)  the  hearth  is  about  3  feet  in  diameter,  with  the  roof  3  feet 
6  inches  above  it.  The  furnace  is  incased  in  a  steel  shell  with  one 
door  opposite  the  pouring  spout.  There  are  also  openings  for  the 
three  electrodes  which  project  toward  the  center  of  the  melting 
chamber.  The  movement  of  each  electrode  is  controlled  by  a 
hydraulic  piston.  The  source  of  power  is  connected  by  a  rod  with  the 
end  of  each  electrode,  each  of  which  is  connected  to  a  phase  of  a 
three-phase  system.  Each  electrode  holder  and  electrode  are  sur- 
rounded by  a  water  jacket.  In  the  2-ton  furnace  carbon  electrodes 
3  inches  in  diameter  and  4  or  5  feet  long  are  used.  The  lining  of  the 
hearth  is  dolomite  and  tar,  but  the  roof  and  sides  are  magnesite 

•  stassano,  E.,  The  application  of  the  electric  fnmace  to  slderurgy :  Trans.  Am.  Elec- 
trocbem.  Soc.,  vol.  15,  1909,  p.  63. 
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brick.  The  external  dimensions  of  the  1-ton  furnace  are  about  10 
feet  by  8  feet ;  the  2-ton  furnace  is  10  feet  high  and  10.  feet  in  diameter. 

The  eariy  type  of  Stassano  furnace  had  a  chamber  beneath  it 
(fig.  19)  which  contained  a  rotating  mechanism  for  agitating  the 
steel  bath.  This  feature  has  not  proved  of  great  value,  and  is  now 
abandoned  in  the  more  recent  furnaces,  which,  like  the  Girod  fur- 
nace, are  set  on  rollers.  Some  furnaces  recently  erected  at  Newcastle 
on  Tyne,  England,  by  the  Electroflex  Steel  Co.  have  a  combination  of 
the  rotating  and  tilting  motion. 

A  1-ton  Stassano  furnace  requires  200  kw.  supplied  by  a  3-phase  at 
110  volts,  having  a  frequency  of  25  cycles.  A  2-ton  furnace  uses 
about  400  kw.  at  120  volts. 

THB  KFJJ.F.R   FUBNACE. 

The  Keller  «  furnace  (fig.  23)  is  very  similar  to  the  Girod  furnace, 
as  it  has  a  conducting  hearth  of  iron  rods  embedded  in  a  refractory 
material.  This  type  of  furnace  was  the  first  to  be  used  as  a  super- 
refining  agent  for  steel  that  had  been  made  by  the  old-established 
methods.  There  are  in  Europe  three  Keller  furnaces,  the  capacities 
of  which  are  1  to  8  tons. 

The  Keller  furnace  consists  of  a  conducting  hearth  surrounded 
by  a  steel  water  jacket,  with  a  silica  brick  roof.  The  conducting 
hearth  consists  of  iron  bars  1  to  IJ  inches  diameter,  set  vertically  1 
inch  apart  in  an  iron  plate.  These  bars  are  surrounded  by  a  mixture 
of  magnesite  and  tar  rammed  in  while  hot.  The  bars  are  good  con- 
ductors of  electricity  when  the  furnace  is  cold,  and  the  magnesite  also 
becomes  a  conductor  when  hot.  The  small  furnaces  have  one  carbon 
electrode  and  the  larger  ones  have  four  electrodes.  In  both  types 
the  connections  are  similar  to  those  of  the  Girod  furnace.  A  feature 
of  the  Keller  furnace  plant,  devised  before  the  day  of  continuous 
feeding  of  electrodes,  is  the  revolving  arms,  with  extra  electrodes  for 
quick  charging  (fig.  23).  An  8-ton  Keller  furnace  is  operated  with 
760  kw. 

THE  GRONWALL  rURNACB. 

In  general  external  appearance  the  GronwalP  or  Electro-Metals 
furnace  (figs.  24  and  25)  resembles  the  single-phase  H^roult  furnace. 
However,  it  uses  two-phase  current  and  has  a  conducting  hearth. 
A  noteworthy  feature  of  this  design  is  the  steadiness  of  the  load  on 
the  power  line  when  cold  scrap  is  worked,  as  the  arcs  are  not  con- 
nected in  series.    There  are  four  Gronwall  furnaces  in  operation. 

•  Keller,  C.  A.,  A  contribution  to  the  study  of  electric  furnaces  as  applied  to  the  manu- 
facture of  iron  and  steel :  Trans.  Am.  Electrocbem.  Soc.,  vol.  15,  1900,  p.  87. 

^Robertson,  T.  D.,  Tbe  GrOnwall  steel  refining  furnace:  Metall.  Chem.  fing.,  toI.  9, 
1911,  p.  673. 
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The  current  may  be  directly  supplied  as  two-phase  or  transformed 
from  three-phase  to  two-phase  by  the  Scott  connection  of  transform- 
ers. In  the  Electro-Metals  furnace  at  Shejfield  there  are  two  12-inch 
carbon  electrodes  projecting  into  the  furnace  through  the  roof,  each 
of  which  is  connected  to  a  phase,  the  conducting  hearth  forming 
the  neutral  of  the  system.  This  conducting  hearth  consists  of  carbon 
paste  rammed  on  the  steel  bottom  of  the  furnace  to  a  depth  of  4 
inches,  over  which  is  placed  a  mixture  of  dolomite  and  tar  to  a  depth 
of  10  inches.  In  figures  24  and  25  the  neutral  point  is  a  carbon  block, 
but,  as  stated  above,  this  has  been  recently  changed  at  the  ShefKeld 
fumaoe^  By  this  connection  half  of  the  power  goes  through  one 
electrode  and  half  through  the  other,  each  being  independent  of  the 
other. 

The  furnace  proper  is  rectangular  in  shape,  like  the  H^roult  fur- 
nace, the  exterior  being  6  feet  6  inches  wide  by  8  feet  10  inches  long 
by  4  feet  11  inches  high.  There  are  two  doors  at  the  sides  arid  a 
pouring  spout,  with  the  electrode  holders,  at  the  rear.  The  holders 
are  of  manganese  steel,  held  tightly  around  the  electrodes  by  wedges. 
At  first,  as  shown  in  figure  25,  current  was  led  to  the  electrodes 
through  these  holders,  but  at  present  the  electrodes  are  electrically 
connected  with  cables  and  two  copper  plates,  J  inch  thick  and  6  inches 
wide»  shaped  so  as  to  pass  around  the  electrode.  The  furnace  is  tilted 
by  hand  by  means  of  a  screw  device.  Electrodes  are  adjusted  by 
hand,  although  there  is  no  technical  reason  why  an  automatic  regula- 
tor should  not  be  used.  The  lining  of  the  sides  is  magnesite  brick 
and  the  roof  is  silica  brick.  The  use  of  water  jackets  around  the 
electrodes  has  been  discontinued.  As  now  operated  there  is  no  water 
cooling  of  any  part  of  the  furnace.  The  furnace  is  set  upon  a  con- 
crete foundation,  being  tilted  on  the  usual  curved  bars.  The  power 
required  is  500  kw.,  the  frequency  of  the  current  being  25  cycles ;  the 
voltage  of  the  two  carbon  electrodes  is  105,  while  between  each  elec- 
trode and  the  neutral  point,  the  hearth,  the  voltage  is  about  75. 

THE   NATHU8IU8  FURNACE. 

The  Nathusius<*  furnace  (fig.  26)  is  three-phase  and  combines  heat- 
ing from  above  by  arcs  with  resistance  heating  from  below  in  the 
steel  bath  for  the  purpose  of  decreasing  local  heating  by  the  arcs. 
The  furnace  is  circular  in  form  and  is  incased  in  a  steel  shell.  There 
are  three  water-cooled  carbon  electrodes  which  project  through  the 
roof  into  the  furnace  above  the  surface  of  the  charge,  and  three  or  a 
multiple  of  three  water-cooled  bottom  electrodes  of  mild  steel  set  in 
the  hearth.     Both  upper  and  lower  electrodes  are  arranged  in  a 

•  Nathufllas,  H.,  The  refinlnir  of  steel  in  the  Nathuslus  electric  tumace :  Jour,  IroD 
and  Steel  Inst,  vol.  85,  1912,  No.  1,  p.  61. 
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triangle  (p.  76).  The  electric  connections  are  shown  in  figure  26. 
The  electrodes  are  suspended  by  cables  from  overhead  runways  and 
are  adjusted  either  automatically  or  by  hand.  On  tilting,  these 
electrodes  are  raised  out  of  the  furnace.  The  tilting  mechanism  is 
operated  by  an  electric  motor.  Furnaces  under  6-ton  capacity  are  on 
trunnions,  but  with  the  larger  sizes  rollers  are  used.  The  5-ton  fur- 
nace at  Friedenshiitte,  Germany,  is  normally  operated  with  about  600 
kw.  Sixty-cycle  current  is  used.  The  voltage  between  the  upper 
electrodes  is  110  volts,  between  the  lower  electrodes  10  volts,  and 
between  the  upper  and  lower  electrodes  61  volts.  In  addition  to  this 
5-ton  furnace  the  same  company  operates  a  2  to  3  ton  furnace  for 
melting  ferro-alloys. 

OTHER  ELECTRIC   STEEIr  FURNACES  OF  THE  ARC   TYPE. 

Several  other  types  of  arc  furnaces  which  have  no  especially  novel 
feature  are  in  operation  at  the  plants  where  they  were  originally 
designed.  The  Chaplet  furnace,  used  for  the  manufacture  of  ferro- 
alloys, the  direct  production  of  steel  from  ores  and  scrap,  is  similar 
in  principle  to  the  Heroult  furnace,  but  has  two  separate  chambers 
with  an  electrode  in  each.  Four  Chaplet  furnaces  are  in  operation 
in  France.  The  Anderson  furnace  is  also  similar  to  the  H6rouIt 
furnace,  but  has  an  electromagnet  beneath  it  for  the  purpose  of  con- 
trolling the  position  of  the  arc.  Five  Anderson  furnaces  have  been 
built  in  England.  The  Stobie  two-phase  furnace  is  very  similar  to 
the  Groriwall  furnace.  There  has  also  been  designed  a  Stobie  three- 
phase  furnace.  Four  Stobie  furnaces  are  being  built  at  Newcastle, 
England.  One  three-phase  Soderburg  furnace,  similar  to  the  Girod 
furnace,  is  in  operation.  In  the  design  of  the  Harden  Paragon  «  fur- 
nace the  bath  is  heated  from  above  by  arcs,  and  also  from  the  sides 
and  bottom  by  side  plates  in  the  lining. 

INDT7CTI0N  FT7BNACES. 
THE   KJELLJN   FURNACE. 

The  Kjellin  furnace,  the  pioneer  of  induction  steel-furnaces,  is 
especially  adapted  to  the  melting  of  fine  materials  to  obtain  a  high- 
grade  steel.  At  present  9  of  these  furnaces  are  in  operation,  but  the 
writer  does  not  know  of  any  others  being  erected. 

The  Kjellin^  furnace  (fig.  21)  is  in  reality  a  transformer  in  which 
the  bath  of  molten  metal  forms  the  secondary  circuit.    The  magnetic 

•  Hftrd4n,  J.,  The  Paragon  electric  furnace  and  recent  developments  In  metallarKj : 
Met  and  Chem.  Eng.,  vol.  9,  1911,  p.  595. 

^  Kjellin,  F.  A.,  The  KJellin  and  Rdchling-Rodenhauser  electric  furnaces :  Trans.  Am. 
Blectiocbem.  See.,  toL  16,  1909,  p.  173. 
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circnit  C  is  built  up  of  laminated  sheet  iron  like  the  core  of  a  trans- 
former. The  primary  circuit  is  a  coil  consisting  of  a  number  of 
turns  of  insulated  copper  wire  or  tubing  surrounding  the  magnetic 
circuit.  The  ring-shaped  crucible  B,  made  of  suitable  refractory 
materials,  also  surrounds  the  magnetic  circuit,  and  when  filled  with 
molten  metal  forms  the  secondary  circuit  of  the  transformer.  The 
annular  crucible  is  supplied  with  covers. 

If  the  coil  be  connected  with  the  poles  of  an  alternating  current  gen- 
erator, the  current  passing  through  the  coil  excites  a  variable  mag- 
netic flux  in  the  iron  core,  and  the  variation  in  the  magnetic  flux 
induces  a  current  in  the  closed  circuit  formed  by  the  molten  metal  in 
the  crucible  B.  The  ratio  between  the  primary  and  secondary  cur- 
rent is  fixed  by  the  number  of  turns  of  the  primary,  and  the  magni- 
tude of  the  cuiTent  in  the  steel  is  then  almost  the  same  as  the  primary 
current  multiplied  by  the  turns  of  the  primary  coil.  Thus  in  a  small 
furnace  of  this  type  a  current  of  500  volts  and  280  amperes  supplied 
to  the  coil  induces  a  current  of  7  volts  and  24,000  amperes  in  the 
metallic  bath.  Before  starting  the  furnace  an  iron  ring  must  be 
placed  in  the  crucible  and  melted  down  to  form  a  bath,  or  the  crucible 
must  be  filled  with  molten  metal  taken  from  another  source.  On 
continuous  work  it  is  customary  to  leave  enough  metal  in  the  crucible 
to  establish  the  bath.  Kjellin  furnaces  have  been  built  in  sizes  up  to 
8.5  tons  capacity,  requiring  750  kw. 

THE  ROCHUENG-RODENHAUSER   FURNACE. 

The  Rochling-Bodenhauser  furnace  is  an  improvement  of  the 
Kjellin  induction  furnace  designed  especially  for  the  refining  of 
molten  basic  Bessemer  steel  and  for  use  with  currents  of  frequency 
ordinarily  used  in  steel  plants.  The  Kjellin  furnace  of  8  tons  ca- 
pacity required  a  current  of  not  more  than  5  cycles  frequency  or  the 
power  factor  would  drop  below  0.6.  The  Rochling-Rodenhauser  fur- 
nace is  so  designed  as  to  have  a  power  factor  of  0.6  when  using  a 
frequency  as  high  as  50  cycles.  The  furnace  is  the  most  widely  used 
of  the  induction  furnaces  and  is  especially  adapted  to  refining  molten 
metal.  Eighteen  of  these  furnaces  are  already  in  operation  and  four 
are  in  course  of  construction. 

The  Rochling-Rodenhauser  «  furnace  (fig.  27)  has  a  hearth  of  very 
different  shape  from  the  Kjellin  furnace,  as  it  has  a  distinct  open 
hearth  which  no  other  induction  furnace  possesses.  Both  single  and 
three-phase  current  furnaces  are  constructed,  the  former  having  two 
grooves  in  which  the  metal  is  melted  and  the  latter  three.    In  either 

•  BodenhauBer,  W.,  The  electric  furnace  and  electric  process  of  steel  making:  Jour. 
Iron  and  Steel  Inst.,  toI.  79,  No.  1,  1909,  p.  201. 
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furnace  these  grooves  or  heating  channels,  each  of  which  corresponds 
to  the  annular  hearth  of  the  Kjellin  furnace,  open  into  a  distinct 
open  hearth,  where  all  metallurgical  operations,  such  as  the  addition 
of  fluxes  and  alloys,  take  place.  The  grooves,  which  have  a  com- 
paratively small  cross  section,  form  the  secondary  circuits  in  whidi 
the  currents  that  heat  the  metal  are  induced. 

Two  side  doors  are  provided  in  a  single-phase  furnace  and  three  in 
a  three-phase  furnace.  The  furnace  is  set  on  rollers  and  is  tilted  by 
means  of  a  hydraulic  motor.  One  door  has  a  spout  for  pouring.  As 
the  doors  are  slightly  above  the  level  of  the  bath,  removing  the  slag 
is  no  more  difficult  than  in  the  arc  furnace,  which  is  not  the  case  with 
other  induction  furnaces. 

In  figure  27,  HH  represents  the  two  legs  of  the  transformer  that  are 
surrounded  by  primary  coils  A  connected  with  the  alternating-current 
circuit.  Secondary  currents  are  induced  in  the  two  closed  circuits 
formed  by  the  bath.  These  two  circuits  are  connected  by  the  hearth 
in  the  center  so  as  to  resemble  the  figure  8.  The  primary  coils  are  so 
arranged  that  the  induced  currents  have  the  same  direction  in  the 
common  part  of  the  two  circuits.  The  difference  between  this  furnace 
and  the  ordinary  induction  furnace  consists  in  the  use  of  extra 
secondary  coils  BB  surrounding  the  primary  coils  AA.  The  second- 
ary coils  are  connected  to  metallic  plates  EE,  covered  by  an  elec- 
trically conducting  mixture  of  lining  material,  G,  which  forms  part 
of  the  lining  of  the  furnace.  The  current  from  the  secondaries  passes 
through  the  plates,  E,  through  the  lining,  G,  and  then  through  the 
main  hearth,  D. 

This  current  used  in  combination  with  the  current  from  the 
channels  CC  gives  a  better  power  factor  than  when  the  furnace  is 
operated  with  the  current  from  the  channels  only.  Another  advan- 
tage is  that  the  magnetic  leakage  field  surrounding  the  primary  coils, 
which  formerly  had  the  effect  of  checking  the  primary  current  and 
decreasing  the  power  factor,  is  now  utilized  for  inducing  currents  in 
the  extra  secondaries. 

The  result  is  that  the  main  hearth  can  be  made  of  much  larger  cross 
section  than  before  and  that,  nevertheless,  even  in  big  furnaces  a 
good  power  factor  can  be  maintained  without  the  use  of  such  a  low 
frequency  of  the  current  as  was  necessary  with  the  original  induction 
furnace. 

The  single-phase  furnace  gives  better  satisfaction  than  the  three- 
phase  furnace  because  it  is  less  complicated.  Also,  the  strong  circu* 
lation  of  the  bath  in  the  central  hearth  of  the  three-phase  furnace 
causes  great  wear  on  the  lining. 

Rochling-Rodenhauser  furnaces  have  been  built  in  various  sizes. 
The  8  to  10  ton  single-phase  furnace  at  Volklingen,  Germany,  takes 
600  kw.,  supplied  by  a  current  of  4,000  to  5,000  volts  with  a  fre- 
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qiienc^  of  25  cycles.  The  2  to  3  ton  3-phase  furnace  at  the  same 
place  takes  from  200  to  250  lew.,  supplied  by  a  400-volt  current 
with  a  frequen<7  of  50  cycles.  The  power  load  of  these  furnaces  is 
Tery  steady.  The  2  to  3  ton  furnace  recently  installed  at  Lands- 
downe,  Pa.,  requires  300  kw.,  furnished  by  a  25-cycle  current  at  480 

ToltS. 

OTRSR  INDTTCnON  STEEL  FUBNACES. 

The  Frick  furnace  is  very  similar  to  the  Kjellin  furnace,  differing 
from  it  only  in  slight  details  of  design.  The  primary  windings  are 
placed  above  and  below  the  annular  ring  instead  of  within  it.  One 
12-ton  Frick  furnace  is  in  operation  in  Germany. 


FiODRB  31. — Plan  and  elevatton  a 


The  Hiorth  furnace  is  a  further  development  of  the  Kjellin  fur- 
nace, differing  only  in  that  the  bath  lies  in  two  annular  grooves  in- 
stead of  one,  thus  surrounding  both  sides  of  the  primary  coil.  One 
tilting  Hiorth  furnace  has  been  erected  in  Norway. 


A  resistance  furnace  based  upon  the  "  pinch  effect "  has  been 
designed  and  operated  on  an  experimental  scale  by  Hering.' 
Although  this  furnace  (fig.  31)  is  not  in  commercial  operation  as 

<  Herlng,  C.,  A  new  tTpe  of  electric  fnmnce:  Trans.  Am.  Electrocbem.   Boc.,  vol.   19, 
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yet  for  the  production  of  steel,  several  are  in  the  course  of  construc- 
tion for  this  purpose,  and  small  ones  have  been  shown  in  operation. 
The  following  is  a  brief  description  of  the  principle  on  which  this 
resistance  furnace  operates. 

The  "  pinch  phenomenon  "  is  the  local  contraction  of  cross  section 
of  a  liquid  resistor  through  which  electric  current  is  passing  and  in 
which  heat  is  being  generated.  In  open  channels  this  contraction  or 
pinching  often  results  in  complete  rupture,  thereby  limiting  the  tem- 
perature. This  contraction  is  caused  by  an  electromagnetic  force 
that  acts  from  the  circumference  to  the  center  of  the  conductor  and 
in  a  direction  perpendicular  to  the  axis. 

If  a  conductor  consists  of  a  column  of  liquid  metal  in  a  vertical 
hole  in  a  nonconducting  material  closed  at  the  bottom  by  the  elec- 
trode and  opening  at  the  top  into  the  bath  of  metal  in  the  hearth, 
then  this  force  acts  horizontally,  and  perpendicularly  to  the  axis 
along  the  whole  length,  which  results  in  an  axial  force  that  causes 
the  liquid  metal  to  flow  out  of  the  center  of  the  open  end.  In  the 
Hering  furnace  such  a  column  is  made  the  resistor  in  which  the  de- 
sired heat  is  generated  by  passing  the  current  through  the  column 
by  means  of  an  electrode  at  the  bottom.  Two  such  resistors  are 
placed  in  the  bottom  of  a  furnace  of  any  desired  shape  for  single- 
phase  current  and  three  for  three-phase  current.  As  this  "pinch 
effect "  can  not  now  rupture  the  circuit,  it  expels  the  heated  Uquid 
rapidly  from  the  holes  and  forces  it  against  the  blanket  of  slag, 
thereby  continually  renewing  the  surface  exposed  to  the  slag  action, 
while  the  cooler  liquid  in  the  bottom  of  the  hearth  is  sucked  down 
into  the  hole  near  the  circumference  to  be  in  turn  heated  and  imme- 
diately expelled.  The  ejecting  force  increases  as  the  square  of  the 
current  and  diminishes  with  an  increase  in  the  cross  section  of  the 
conductor. 

There  is  an  active  and  systematic  circulation  of  the  liquid  bath, 
and  the  temperature  is  very  evenly  distributed  throughout  the  bath. 
As  far  as  is  known  now,  there  is  no  temperature  limit  except  that 
which  causes  failure  of  the  refractory  lining.  The  electrodes  may 
be  made  of  metal,  and  no  adjustment  of  them  is  necessary;  they  are 
not  consumed.  The  hottest  liquid  is  in  the  center  of  the  resistors. 
The  rapid  flow  is  not  along  the  walls  of  the  hole  but  in  the  center. 
The  power  factor  can  be  made  very  high,  and  ordinary  frequencies 
may  be  used. 

The  furnace  can  be  operated  with  direct  or  alternating  current  of 
one,  two,  or  three  phase.  The  transformers  in  the  latter  case  are 
attached  directly  to  the  bottom  of  the  furnace,  as  the  amperage  is 
very  high. 
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EliBCTRIC  STEEL  MANUFACTURING  PRACTICE. 

There  are  two  courses  of  procedure  for  steel  manufacture  in  which 
the  electric  furnace  has  been  used:  Cold  scrap  iron  and  steel  of 
either  inferior  or  high-grade  quality  is  melted  and  refined  in  an  elec- 
tric furnace  with  the  production  of  steel  of  the  highest  grade  equal  to 
the  best  crucible  steel ;  and  molten  steel,  the  product  of  either  the  acid 
or  basic  converters,  or  of  the  acid  or  basic  open-hearth  furnaces,  is 
superrefined,  or  made  into  alloy  steel,  in  an  electric  furnace. 

MANUPACTTTBE  OF  STEEL  FBOM  SCRAP  IRON  AND  STEEL  IN  THE 

ELECTBIC  FURNACE. 

80CIBTE  ELECTRO-METALLURGIQUE  FRANgAISE,  LA  PRAZ,  SAVOIE,  FRANCE. 

The  plant  of  the  Soci6t^  filectro-Metallurgique  Frangaise,  at  La 
Praz,  Savoy,  France,  has  passed  through  many  phases  of  the  use  of 
the  electric  furnace  in  metallurgical  operations.  The  first  product 
produced  here  by  Heroult  was  aluminum,  which  was  followed  by  cal- 
cium carbide,  ferro-alloys,  electrodes,  and  steel.  To-day  the  plant  uses 
7,500  kilowatts  for  the  production  of  aluminum,  steel,  and  electrodes. 

DESCRIPTION   OF  PLANT. 

The  principal  products  of  the  2.6  to  3  ton  Heroult  furnace  (fig.  18) 
in  operation  at  La  Praz  are  high  carbon  and  alloy  tool  steels.  The 
furnace  is  the  original  Heroult  furnace  examined  by  the  Canadian 
commission.  It  differs  from  the  furnace  at  Braintree  in  that  the 
lining  is  thinner,  giving  a  more  shallow  hearth.  The  hearth  is 
ground  dolomite  and  tar,  the  sides  are  magnesite  brick,  and  the  roof 
is  silica  brick.  The  two  carbon  electrodes  are  14  inches  square.  The 
holders  are  of  somewhat  more  simple  design  than  those  in  the  Brain- 
tree  furnace  (p.  94).  They  consist  of  two  clamps  of  steel  held 
together  by  a  pin,  being  tightened  by  a  wedge.  Current  is  brought 
in  by  cables  attached  to  pins  in  the  ends  of  the  electrodes  and  to  the 
electrode  holders.  Electrodes  are  not  threaded  for  continuous  feed- 
ing.  The  holders  and  ports  in  the  roof  are  water  cooled.  The  elec- 
trodes may  be  regulated  either  by  hand  or  automatically.  Power  is 
supplied  by  a  single-phase  alternator  directly  connected  to  the  furnace 
about  30  feet  away.  The  power  required  is  300  kw.,  and  is  supplied 
by  a  38-cycle  single-phase  current,  at  100  to  110  volts,  giving  50  to  55 
volts  on  each  electrode. 

PRACTICE   AT   PLANT. 

The  furnaces  are  charged  with  low-carbon  steel  or  wrought-iron 
turnings  and  a  part  of  the  first  refining  flux.  As  the  melting  pro- 
ceeds, all  of  the  first  flux,  consisting  of  iron  ore  and  lime,  is  added 
to  remove  the  phosphorus.    When  this  is  accomplished  the  slag  is 


90 


ELECTBIO  FUBNACBS. 


completely  removed  from  the  furnace  and  a  flux  of  lime  added  to 
remove  the  sulphur.  The  slag  is  completely  deoxidized  for  the  re- 
moval of  sulphur  by  the  addition  of  coke  dust  The  metal  is  finally 
carburized  to  the  desired  point  by  addition  of  carburite,  and  then 
poured  into  ingots. 

The  results  of  operations  covering  one  week  are  given  below.  The 
number  of  heats  is  probably  somewhat  greater  than  the  usual  num- 
ber, as  at  the  time  of  the  writer's  visit  the  average  was  three  in  24 
hours.  A  noteworthy  reduction  of  power  consumption  has  been 
made  over  that  of  1904,  as  the  figure  of  December  24,  1911,  was  528 
kilowatt-hours  per  ton  as  compared  to  840  kilowatt-hours  per  ton, 
of  1  per  cent  carbon  steel,  refined  with  two  slags,  for  1904,  a  reduc- 
tion of  312  kilowatt-hours,  or  37.1  per  cent  decrease.  The  electrode 
consumption  of  18  kg.  (39.6  pounds)  in  1904  would  probably  ap- 
proximately hold  for  to-day,  as  the  methods  have  not  been  changed 
materially  in  that  respect.  The  roof  had  stood  107  heats  up  to  the 
week  mentioned. 

Results  of  operation  of  furnace  for  iceek  ended  Dec,  24,  1911. 

Hours  worked 126 

Number  of  heats 26 

Average  hours  per  heat,  including  aU  repairs 

and  charging 4  hours,  51  minutes. 

Shortest  heat 3  hours,  10  minutes. 

Total  weight  teemed 66  tons. 

Lowest  power  consumption,  per  ton,  at  furnace..  459.2  kilowatt-hours. 

Average  power  for  week  at  furnace,  per  ton 528  kilowatt-hours. 

Scrap,  per  cent 3 

Clear  Ingots,  per  cent 93 

Loss  by  oxidation,  per  cent 4 


FINAL   FORM    OF   PBODUCT. 


The  ingots  cast  at  the  furnace  are  reheated  and  reduced  in  rolls 
and  hammered  to  1  inch  to  \  inch  rods  of  circular  or  square  cross 
section.  The  product  is  sold  in  this  form.  Samples  of  steels  of  the 
following  composition  were  taken  by  the  writer: 


Tool  steels  produced  in  H^roult  furnace. 

La  Praz,  France,  191B. 

No.  of  sample. 

1 

2 

3 

4 

Carbon 

Percent. 
0.904 
.323 
.236 
.008 
.004 

Percent. 
1.0S4 
.201 
.278 
.008 
.006 

Percent. 
1.196 
.170 
.210 
.000 
.012 

Percent. 
0.990 

SlUoon 

.700 

Mftngaiwwe .                      

.211 

SulpEur 

.084 

Phoflphorus 

.007 

Tunmrtftn 

19.407 

Chromliifn 

6.717 

ELECTRIC  STEEL  MANUFACTURING  PRACTICE.  91 

PLANT  OF  MESSRS.  VICKERS,  I/ID.,  SHEFFIELD,  ENGLAND. 

A  2.5  to  3  ton  single-phase  H6roult  furnace,  similar  to  the  furnace 
at  Braintree,  is  being  used  in  the  manufacture  of  steel  of  crucible 
grade  from  cold  scrap  iron  and  steel  at  the  River  Don  plant  of 
Messrs.  Vickers,  Ltd.,  Sheffield,  England.  A  new  8-ton  three-phase 
H6roult  furnace  is  being  constructed,  which  will  be  directly  connected 
to  the  main  power  circuit  of  the  works  and  will  take  about  1,200  kw. 
The  lining  of  rammed  dolomite  and  tar,  both  on  sides  and  bottom,  will 
be  thinner  than  usual,  so  that  the  nominal  capacity  will  be  10  instead 
of  8  tons.  The  electrodes  are  to  be  supported  by  holders  projecting 
over  the  roof  from  the  sides.  Charging  doors  will  be  placed  in  the 
rear  instead  of  at  the  side,  with  the  pouring  spout  at  the  front.  The 
furnace  will  be  set  close  to  the  edge  of  the  working  floor  instead  of 
10  feet  back,  as  is  the  case  with  the  present  2.5-ton  furnace.  The 
erection  of  an  electrode  plant  is  also  being  considered. 

DESCRIPTION   OF  PLANT. 

The  electric  furnace,  generator,  and  laboratory  are  placed  in  a  steel 
frame  building  about  60  feet  square,  covered  with  corrugated  iron. 
In  one  corner,  at  the  rear  of  the  furnace  on  the  ground  level,  is  the 
generator  room.  Above,  on  the  furnace  level,  are  the  office  and 
laboratory.  The  furnace  is  set  on  a  concrete  foundation  extending 
about  6  feet  above  the  ground  with  a  steel  platform  about  20  feet 
square  around  it.  The  furnace  is  at  the  rear  of  this  platform,  leaving 
an  open  space  of  about  10  feet  in  front,  in  which  ther3  is  a  door  that 
can  be  lifted  for  setting  the  ladle  beneath  the  spout  in  pouring.  The 
instrument  board  and  Thury  regulators  are  back  of  the  furnace.  In 
front  of  the  platform  is  a  pit  5  feet  long,  20  feet  wide,  and  4  feet  deep, 
where  ingot  molds  are  set  for  teeming.  The  remaining  floor  space  is 
devoted  to  repairing  and  heating  ladles,  storing  ingots,  and  piling 
scrap.    There  is  an  electric  crane  in  front  of  the  furnace  platform. 

The  furnace  differs  in  some  details  from  the  Braintree  furnace. 
The  bottom  consists  of  a  4^-inch  layer  of  magnesite  brick  laid  on  edge 
over  the  steel  shell,  above  which  tar  and  dolomite  are  rammed  in  to  a 
depth  of  7  inches,  making  a  hearth  11.6  inches  thick.  This  slopes  up 
to  a  line  on  the  sides  above  the  slag  line.  When  the  furnace  was  first 
operated  the  walls  were  built  of  magnesite  bricks  laid  to  give  a  thick- 
ness of  9  inches.  Because  of  the  bricks  spalling  they  have  now  been 
laid  so  as  to  give  a  wall  4^  inches  thick.  This,  incidentally,  has  in- 
creased the  capacity,  so  that  the  average  charge  is  now  3  tons  instead 
of  2.5  tons.  The  roof  is  silica  brick.  Carbon  electrodes  16  inches 
in  diameter  and  4  feet  long,  and  threaded  for  continuous  feeding,  are 
used.  The  electrodes  are  supported  by  a  more  simple  holder  than 
that  of  the  Braintree  furnace,  consisting  of  bronee  clamps  surround- 
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ing  the  electrode^  tightened  in  front  by  a  horizontal  bolt.  The  holder 
is  similar  to  the  older  type,  except  for  this  feature,  and  that  it  is  made 
entirely  of  manganese  steel  instead  of  copper  and  is  not  used  for  con- 
ducting current.  Current  is  conducted  by  means  of  copper  bus  bars 
4  inches  wide  and  f  inch  thick  from  cables  at  the  rear  of  and  beneath 
the  furnace  to  the  bronze  holders  around  the  electrodes.  The  furnace 
is  tilted  by  means  of  a  screw  device  that  is  operated  by  an  electric 
motor.  The  electrode  holders  are  water  cooled,  and  there  are  copper 
water  jackets  around  the  electrode  openings  in  the  roof. 

Power  is  delivered  to  the  furnace  about  20  feet  from  the  generatcn* 
by  a  single-phase  alternating-current  generator  of  600  kw.  capacity, 
operating  at  100  to  110  volts  and  a  frequency  of  25  cycles.  The 
alternator  is  directly  connected  to  a  3-phase  motor.  The  power  is 
received  from  the  main  power  plant  of  the  works  at  2,200  volts.  The 
current  consumption  charged  to  the  furnace  is  that  shown  on  the  pri- 
mary side  of  the  main  3-phase  line,  so  that  it  includes  aU  transform- 
ing and  other  losses.  In  the  generator  room  there  are  also  a  power- 
factor  meter  and  other  meters  on  the  secondary  side.  Current  is  con- 
ducted to  the  furnace  bus  bars  by  insulated  copper  cables.  At  the 
rear  of  the  furnace  are  the  Thury  regulators,  a  wattmeter,  a  volt- 
meter on  both  electrodes  and  on  each  single  electrode, 

PKACTICE  AT    PtAlfT. 

The  electric- furnace  operation  consists  in  making  high-grade  steel 
for  various  purposes,  such  as  tools  and  armament^  out  of  scrap  iron 
and  steel  turnings,  some  of  which  are  impure  ordinary  carbon  steel, 
while  others  contain  valuable  proportions  of  tungsten,  chromium,  and 
other  expensive  alloys.  The  furnace  is  operated  at  100  volts,  60 
volts  per  electrode,  with  a  power  consumption  of  400  to  550  kw. 
For  15  to  45  minutes  after  charging,  the  electrodes  are  regulated  by 
hand,  but  as  soon  as  a  pool  of  molten  metal  has  formed  in  the  bot- 
tom the  Thury  regulators  are  thrown  in.  The  constant  breaking  of 
the  circuit  is  very  noticeable  before  the  charge  is  completely  melted. 
Sometimes  one  and  sometimes  two  refining  fluxes  are  used,  depend- 
ing upon  the  impurities  present.  The  first  flux  is  generally  40  kg. 
(88  pounds)  of  lime,  30  kg.  (66  pounds)  of  hematite,  and  20  kg. 
(44  pounds)  of  fluorspar.  The  second  flux  consists  of  40  kg.  (88 
pounds)  of  lime  and  20  kg.  (44  pounds)  of  fluorspar,  and  is  added 
only  after  complete  dephosphorization  by  the  first  slag.  To  deoxi- 
dize the  second  slag  for  removing  sulphur,  coke  dust  is  added. 
Sometimes  pig  iron,  ferrosilicon,  ferromanganese,  and  sand  are  used 
at  the  end  of  a  run.  Aluminum  is  thrown  in  the  ladle  bottom  before 
pouring.  A  3-ton  ladle  is  used  for  teeming  and  is  preheated  before 
using.    Part  of  the  metal  from  one  heat  is  cast  by  bottom  casting 
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into  five  500-kilogram  (1,100-poimd)  ingots,  the  balance  of  the 
charge  being  cast  by  top  casting  into  100-kilogram  (220-pound) 
iiigots.  Of  the  metal  charged,  about  85  per  cent  is  recovered  in  good 
ingots,  5  per  cent  in  poor  ingots,  3  per  cent  in  scrap,  and  7  per  cent 
is  oxidized. 

Working  with  high-speed  tool-steel  scrap,  the  method  of  running  a 
charge  was  as  follows : 

Results  from  a  single  charge. 

Charge,  steel  scrap,  tool-steel  scrap,  2,800  kg.  (6,160  pounds). 

Slag  added,  40  kg.  (88  pounds)  lime  and  20  kg.  (44  pounds)  fluorspar. 

No  slag  skimmed. 

Additions  at  end,  6  kg.  (13.2  pounds)  of  a  deoxidizing  mixture,  2  kg.  (4.4 
pounds)  ferrosilicoD,  0.5  kg.  (1.1  pounds)  aluminum.     No  coke  dust  added. 

A  gray  slag. 

Time,  hours Si's 

Total  power  on  primary  meter,  kw 1,580 

Kilowatt-hours  per  metric  ton  of  sound  ingots 542 

Average  power,  kw 513 

Composition  of  product : 

Per  cent. 
Carbon '_  .  0.60 

Tungsten 4.  57 

Chromium  . 5. 92 

Manganese .20 

Silicon .07 

Phosphorus   .012 

Sulphur .  052 

It  will  be  noted  that  the  power  consumption  is  higher  in  this  case 
for  an  operation  with  one  slag  than  at  La  Praz  with  two  slags,  but 
this  may  be  explained  by  the  fact  that  power  charged  to  the  furnace 
at  Sheffield  is  read  on  the  primary  circuit  and  includes  all  losses ;  also 
results  are  figured  to  tons  of  sound  ingots.  The  power  factor  aver- 
ages about  0.85,  but  varied  over  a  period  of  a  year  from  0.79  to  0.95. 

The  average  length  of  a  heat  is  4  hours,  but  at  times  as  many  as 
6  heats  per  24  hours  have  been  made,  including  charging  and  pour- 
ing. The  electrode  cost  is  about  75  cents  per  metric  ton  which,  with 
electrodes  at  4  cents  a  pound,  gives  a  consumption  of  18.7  pounds 
per  ton.  It  takes  about  20  minutes  to  add  a  new  4-foot  section  to 
an  electrode  already  in  the  furnace.  The  electrodes  wear  uniformly 
around  the  holder  and  at  joints,  but  if  a  joint  is  not  properly  made 
the  electrode  tends  to  wear  to  a  point,  and  then  must  be  broken  off 
at  the  end.  If  a  piece  falls  into  the  bath  it  is  necessary  to  shut 
off  the  power  while  the  piece  is  being  removed.  Between  heats  the 
power  is  off  for  10  to  15  minutes.  The  furnace  lining  is  then  fet- 
tled with  dolomite.  For  a  period  of  six  months'  continuous  opera- 
tion the  roofs  lasted  on  the  average  78  heats,  but  some  have  lasted 
as  long  as  120  heats. 
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Advocates  of  the  conducting-hearth  type  of  furnace  have  stated 
that  it  would  be  very  difficult  to  melt  out  the  charge  of  a  H^roult 
furnace  if  frozen,  but  this  does  not  appear  to  be  the  case.  At  this 
plant  a  2.5-ton  charge  was  frozen,  owing  to  a  breakdown  of  the 
generator,  and  stood  cold  for  four  days.    The  charge  was  melted  in 

12  hours  with  a  power  expenditure  of  1,950  kilowatt-hours  per  ton. 
During  the  melting  0.2  ton  more  of  metal  was  added,  making  2.7  tons 
in  the  furnace.  Of  this  2.525  tons  were  tapped.  For  about  1^  hours 
the  power  on  the  furnace  was  only  250  kw.  in  order  to  heat  the  roof 
gradually. 

For  the  complete  operation  of  this  plant  seven  men  and  two  boys 
are  necessary,  as  follows :  A  superintendent,  assistant  superintendent, 
melter,  assistant  melter,  ladle  man,  floor  man,  one  general  laborer, 
and  two  boys  in  the  laboratory. 

LAKES  A  ELOOT  FOUNDRY,  BRAINTREE,  ENGLAND. 

At  the  foundry  of  Lakes  &  Elliot,  Braintree,  England,  a  2.5-ton, 
single-phase  Heroult  furnace  is  used  in  making  steel  of  low  carbon 
content  for  small  castings  for  the  automobile  trade. 

DESCKIFTION   OF  PLANT. 

The  furnace,  which  has  already  been  described  (p.  74),  is  placed 
in  the  main  casting  building  of  the  foundry,  close  to  one  wall.  At 
the  rear  in  an  adjoining  building  is  a  separate  power  plant  for  the 
furnace,  consisting  of  a  gas  producer,  a  Westinghouse  gas  engine, 
and  a  single-phase  300-kilowatt  generator  which  delivers  a  25-cycle 
current  to  the  furnace  about  20  feet  away  at  110  volts,  A  5-ton  over- 
head electric  crane  is  used  for  pouring  and  other  purposes. 

PBACTICE   AT   PLANT. 

The  scrap  iron  and  steel  used  consists  of  a  mixture  of  horseshoes, 
castings,  foundry  scrap,  boiler  punchings,  and  miscellaneous  heavy 
steel  scrap  of  small  dimensions.  Some  pig  iron  is  also  used,  which 
is  placed  between  the  electrodes  and  is  claimed  to  assist  in  the  steady 
operation  of  the  furnace.  The  steel  charged  contains  from  0.05  to 
0.14  per  cent  carbon.  A  part  of  the  iron  ore  and  lime  that  form  the 
dephosphorizing  slag  is  laid  upon  the  floor  of  the  furnace  before 
charging  the  scrap.  This  seems  to  protect  the  hearth  from  corrosion. 
The  remainder  of  this  flux  is  added  during  the  melting  period.  After 
skimming  the  slag  a  desulphurizing  flux  of  lime  and  fluorspar  is 
used.  The  carbon  is  reduced  to  0.06  per  cent  and  recarburization  is 
accomplished  by  means  of  powdered  carbon.  Some  ferromanganese, 
ferrosilicon,  ferrotitanium,  and  aluminum  are  added  at  the  end  of 
the  run  or  upon  pouring.    The  charge  is  poured  irito  a  2.5-ton  ladle, 
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from  which  it  is  teemed  into  small  shanks  for  casting  into  the  molds, 
thus  eliminating  slag.  The  electrodes  are  regulated  by  hand  for  1^ 
hours  after  starting  the  furnace  until  the  bath  is  partly  melted. 

Owing  to  the  thick  lining  used,  charges  of  not  over  2  tons  can  be 
made,  and  the  average  melt  is  not  over  1.5  tons.  The  melt  takes  4.5 
to  11  hours,  with  an  average  of  about  6  hours,  depending  upon  the 
nature  of  the  charge.  Definite  figures  as  to  power  consumption  could 
not  be  obtained,  but  with  300  kw.  on  the  furnace,  it  is  probably  from 
800  to  1,000  kw.  per  ton.  One  charge  is  run  on  the  day  shift  and  one 
on  the  night  shift,  the  furnace  standing  idle  in  the  meantime.  By 
this  arrangement  the  furnace  is  empty  2  to  4  hours  between  melts. 

The  electrode  consumption  could  not  be  obtained  definitely,  but 
two  6.5-foot  sections  of  14-inch  electrodes  will  last  for  14  melts- 
These  sections  weigh  about  600  pounds,  which  with  an  average  charge 
of  1.6  tons  would  give  a  consmnption  of  25.5  kg.  (56  pounds)  per  ton. 
The  cost  of  electrodes  is  about  8.95  cents  per  kg.  (1.8  cents  per  pound) 
f.  o.  b.  plant,  or  4.95  cents  per  kg.  (2.25  cents  per  pound)  laid  down 
at  Braintree. 

I  Considerable  difficulty  has  been  experienced  at  Braintree  in  get- 

ting a  durable  roof.  Several  kinds  of  brick,  such  as  silica,  bauxite, 
magnesite,  and  a  mixture  of  magnesite  and  bauxite,  have  been  tried. 
At  present  bauxite  brick  is  being  used.  The  roof  lasts  14  to  28  heats, 
depending  upon  the  nature  of  the  charge.  The  walls  are  also  at- 
tacked by  the  arc  breaking  against  the  sides  after  the  charge  has  been 
melted.  This,  however,  does  not  cause  so  much  trouble  when  a  slag 
is  on  the  bath.    Whenever  the  roof  gives  out  the  furnace  is  entirely 

I  relined. 

I  In  addition  to  these  difficulties,  the  Thury  regulators  did  not  appear 

to  be  giving  satisfaction,  because  they  were  continually  getting  out 
of  adjustment.  This  was  the  only  plant  visited  where  this  trouble 
was  mentioned.  It  was  stated  that  in  building  a  new  furnace  auto- 
matic regulators  would  not  be  used,  as  there  was  no  saving  in  labor 
and  an  increase  in  first  cost  by  their  use. 

The  effect  of  producing  low-carbon  steel  upon  the  working  of  the 
furnace  was  plainly  visible  at  this  plant.  At  the  Sheffield  plant, 
which  was  operating  almost  entirely  on  medium  or  high  carbon  steel, 
the  power  consumption,  electrode  consumption,  and  wear  on  the  lining 
were  much  lower  than  at  this  plant.  This  was  due  chiefly  to  the  low- 
carbon  product  requiring  a  longer  period  in  the  furnace,  and  also 
because  in  making  steel  castings  the  temperature  of  the  metal  must 
be  higher  than  in  casting  ingots.  The  power  consumption  is  in- 
creased by  the  cooling  of  the  furnace  between  melts.  The  electrode 
consumption  was  also  probably  increased  because  the  holder  clamps 
wore  into  the  electrode,  and  the  worn  part  spalled  and  burned  to  a 
point  when  it  got  down  into  the  furnace.    It  will  be  recalled  that  this 
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holder  is  of  different  type  than  that  used  on  the  older  Heroult  fur- 
naces. The  diflSculty  with  the  lining  and  roof  was  increased  by  the 
necessarily  high  temperature  of  the  slag  and  metaJL  Also  the  writer 
believes  that  less  difficulty  in  this  respect  would  be  experienced  if  the 
hearth  was  made  more  shallow  and  the  lining  thinner.  This  would 
prevent  the  "  flaming  arc,"  as  the  electrodes  would  be  farther  from 
the  sides.  The  arc  would  be  more  concentrated  beneath  the  electrode 
and  less  heat  would  be  directly  radiated  to  the  roof. 

PB0DTJCT8. 

As  previously  stated,  the  product  of  this  furnace  is  a  soft  steel  con- 
taining on  an  average  0.14  per  cent  of  carbon,  the  content  varying  be- 
tween 0.10  per  cent  and  0.20  per  cent.  The  manganese  and  silicon  are 
varied  according  to  the  use  to  which  the  steel  is  to  be  put.  Sulphur 
and  phosphorus  are  kept  below  0.03  per  cent.  The  steel  produced  is 
equal  in  all  respects  to  crucible  steel  maufactured  at  the  same  plant. 

GIROD  STEEL  PLANT,  UOINE,  FRANCE. 

The  Girod  steel  plant  at  Ugine,  France,  is  the  first  and  largest  com- 
plete steel  plant  built  that  uses  electric  power  entirely  for  furnace 
purposes.  In  1898  Girod  began  experimental  work  on  the  manu- 
facture of  ferro-alloys  with  a  small  20-kilowatt  furnace.  To-day 
this  manufacture  has  developed  into  an  industry  with  an  annual  pro- 
duction valued  at  about  $3,000,000  and  using  about  22,000  kw.  for 
electric-furnace  purposes  during  periods  of  high  water  in  the  streams. 
As  previously  stated,  from  the  electric  ferro-alloy  furnace  was  devel- 
oped the  Girod  electric  furnace.  The  steel  works  were  erected  in 
1909,  and  because  of  their  imiqueness  will  be  described  in  detail. 

IX)CATION. 

The  plant  is  situated  in  a  place  so  remote  from  supplies  of  coal  and 
raw  material  that  only  a  product  in  which  one  of  the  chief  requisites 
to  commercial  success  was  cheap  power  could  be  manufactured  profit- 
ably there.  Ugine  is  on  the  line  of  the  Paris,  Lyon  &  Marseilles 
Railroad  between  Annecy  and  Albertville,  about  25  miles  from 
Champbery.  The  plant  is  about  half  a  mile  from  the  main  line,  with 
which  it  is  connected  by  an  electric  tramway  for  frei^t  haulage, 
which  is  operated  by  the  Girod  company.  The  buildings  are  on  the 
north  bank  of  the  River  Arly. 

POWER    SUPPLY. 

The  total  capacity  of  all  the  Girod  power  plants  is  about  28,000  kw., 
of  which  about  6,000  kw.  is  used  at  the  steel  plant.  There  is  a  pos- 
sible development  of  30,000  kw.  more,  a  total  of  68,000  kw.    Not  all 
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of  this  is  primary  power,  however;  that  is,  power  24  hours  a  day, 
365  days  a  year.  The  average  cost  of  power  from  all  sources  is 
about  $18.66  per  kUowatt-year,  or  0.2  cent  per  kilowatt-hour,  based 
on  a  flat  rate.  There  are  three  separate  power  pUnts,  two  on  the  Arly 
Biver  and  one  on  the  Bonnant  Biver.  Some  power  is  leased  at  times 
of  low  water.  The  power  is  delivered  at  the  steel  works  at  46,000 
volts  and  is  stepped  down  to  the  desired  voltage. 

DESCRIPTION  OF  PLANT. 

All  buildings  are  of  stone  and  cement  construction.  The  stock 
house  at  the  rear  of  the  furnace  house  is  58  by  460  feet  It  is  used 
for  the  receipt  and  storage  of  steel  scrap  and  furnace  materials  of 
all  kinds.  There  are  overhead  traveling  cranes  and  lifting  magnetic 
cranes,  used  to  unload  carloads  of  scrap  iron  and  steel. 

The  furnace  and  casting  house  is  70  by  550  feet  In  it  there  are 
two  10  to  12.5  ton  8-phase  Girod  furnaces  (fig.  30)  and  three  2.5  to 
3  ton  single-phase  furnaces  (fig.  28),  which  have  already  been  de- 
scribed (pp.  77-78).  The  three  small  furnaces  are  operated  with 
300  kw.  supplied  by  a  25-cycle  current  at  60  to  65  volts.  The  larger 
ones  take  1,000  to  1,200  kw.,  using  a  70  to  75  volt,  26-cycle  current 
The  furnaces  are  placed  on  a  concrete  foundation  about  6  feet  above 
the  ground  floor.  The  working  floor  of  the  furnace  is  concrete, 
and  the  furnaces  are  set  at  its  edge  as  in  an  open-hearth  plant.  The 
plant  is  arranged  for  a  production  up  to  200  tons  a  day.  One  of 
the  smaller  furnaces  is  used  entirely  for  small  casting  work.  The 
other  two  produce  high-priced  alloy  steels.  The  two  10  to  12.5  ton 
furnaces  are  used  for  making  carbon  steels  and  the  more  conun(m 
aUoy  steels.  In  front  of  the  furnace  platform  are  casting  pits,  one 
end  being  used  entirely  for  foundry  work.  The  furnace  house  is 
provided  with  two  2-ton  traveling  electric  cranes  and  two  12-ton 
traveling  electric  cranes. 

The  rolling-mill  building  is  90  by  250  feet  and  contains  1  train 
of  three-high  rolls  capable  of  rolling  ingots  20  inches  in  diameter 
and  400  kg.  (880  pounds)  in  weight  to  rods  5  inches  in  diameter. 
Another  three-high  mill  rolls  rods  13  inches  in  diameter  to  smaller 
rods  of  round,  square,  and  other  shapes.  The  trains  are  driven  by 
a  600-kw.  3-phase  motor.  This  building  also  contains  2  producer-gas 
fired  furnaces  for  preheating  ingots. 

A  large  forging  shop  70  by  250  feet  contains  9  hammers  operated 
by  compressed  air.  The  largest  hammer  weighs  5,000  kg.  (11,000 
pounds)  and  the  others  weigh  from  1,000  kg.  (2,200  pounds)  to 
100  kg.  (220  pounds).  A  second  forging  shop  contains  one  1,000-ton 
forging  press,  1  forging  hammer  weighing  10  tons,  and  3  stamps 
ii^ith  falling  hammers,  weighing,  respectively,  3  tons,  2  tcHis,  and 
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1  ton.  In  the  first  shop  rough  forgings  are  made,  primarily  for 
automobile  machinery,  shaftings,  gears,  tool-steel  rods  and  projectiles. 

A  tempering  shop  60  by  200  feet  contains  furnaces  for  tempering, 
annealing,  and  hardening  large  forged  or  cast-steel  pieces.  An  an- 
nealing shop  33  by  67  feet  contains  several  furnaces. 

The  steel  foundry  contains  a  carpenter  shop  for  making  patterns, 
a  sand-separating  plant,-  molding  machines,  molding  frames,  drying 
and  heating  ovens,  and  a  sand-blast  jet  for  cleaning  finished  cast- 
ings. The  foundry  is  able  to  produce  10  tons  of  steel  castings  daily, 
but  castings  weighing  20  tons  have  been  cast. 

The  power  house  at  the  plant,  which  is  50  by  115  feet,  is  equipped 
with  4  electrically  driven  compressors  and  2  rotary  converters. 

The  warehouse  for  finished  products  is  50  by  325  feet,  and  is  made 
especially  large  because  of  the  variety  of  products,  and  also  because 
it  is  necessary  to  carry  common  shapes  over  in  stock  during  low- 
water  periods. 

In  addition  to  the  buildings  mentioned  there  are  a  furnace-trans- 
former house,  a  sand-storage  house,  a  drying-oven  house,  an  as- 
sembly shop,  a  machine  shop,  a  storage  house  for  the  rolling  mills, 
a  pattern  warehouse,  general  stores,  a  well-equipped  physical  and 
chemical  laboratory,  and  an  oiBce  building. 

BErmnra  practigb. 

The  refining  of  cold  scrap  at  the  Ugine  plant*  is  typical  of  elec- 
tric-furnace practice  in  work  of  this  nature,  and  is  here  described  in 
detail.  Almost  any  grade  of  scrap  steel  or  scrap  wrought  iron  is 
charged  into  the  Ugine  furnaces,  the  mean  proportions  of  carbon, 
silicon,  manganese,  sulphur,  and  phosphorus  in  the  charge  being  as 
follows : 

Average  proportions  of  carhon,  silicon,  manganese,  sulphur,  and  phosphorus  In 

charge. 

Per  cent. 

Carbon 0.3   toO.4 

Silicon .1   to   .3 

Manganese .6  to   .8 

Sulphur .07  to   .120 

PhoBphoms .07  to   .12 

The  refining  operation  can  be  divided  into  two  periods,  the  oxida- 
tion period,  in  which  phosphorus  is  removed  from  the  metal,  and 
the  deoxidation  period,  with  the  elimination  of  sulphur. 

After  the  furnace  has  been  charged  with  cold  scrap,  an  oxidizing 
flux  of  lime  and  iron  ore  is  added.  The  proportions  vary  with  the 
charge  and  product  desired,  but  a  mixture  commonly  used  is  80  kg. 

•  Girod,  P.,  Studies  In  the  dectrometallargy  of  ferro-ftlloys  and  steels :  Trans.  Faraday 
Soc.,  vol.  6,  1911,  p.  172;  The  electric  steel  furnace  in  foundry  practice:  Metall.  Chem. 
Eng.,  vol.  10,  1912,  p.  663;  Borchers.  W.,  Electric  smelting  with  the  Glrod  fomaoe: 
Trans.  Am.  Inst.  Biln.  Eng.,  vol.  41,  1010,  p.  120. 
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(176  pounds)  of  lime  and  from  220  to  250  kg.  (485  to  550  pounds) 
of  iron  ore.  Oxidation  of  the  impurities  in  the  metal  begins  as 
soon  as  the  scrap  becomes  pasty,  so  that  by  the  time  the  charge 
is  completely  melted  the  carbon,  silicon,  manganese,  and  phos- 
phorus contents  of  the  metal  are  usually  reduced  to  less  than  0.1  per 
cent  each.  If  this  is  not  the  case,  the  slag  is  withdrawnHby  tilting  the 
furnace  backwards  and  another  flux  of  the  same  composition  is  added. 
To  cleanse  the  bath  of  the  last  traces  of  the  phosphorous-bearing  slag 
and  any  phosphorus  in  the  metal,  lime  is  added  and  the  resulting  slag 
removed.  This  is  repeated  as  often  as  may  be  necessary.  In  this 
first  period  the  temperature  is  gradually  increased,  but  the  oxidation 
takes  place  largely  at  a  low  temperature. 

When  the  oxidizing  and  cleansing  slag  has  been  removed,  the  first 
deoxidation  of  the  bath  is  effected  by  adding  reducing  agents  such  as 
ferrosilioon  or  ferromanganese,  but  these  alloys  are  added  in  such  a 
proportion  as  not  to  remain  in  the  bath,  serving  merely  as  deoxidizing 
agents.  If  a  high-carbon  jsteel  is  to  be  made,  recarburization  takes 
place  at  this  point. 

The  bath  is  then  covered  with  a  flux  consisting  of  about  5  parts 
lime,  1  part  silica  sand,  1  part  fluorspar,  and  a  little  petroleum  coke. 
In  this  period  the  furnace  must  be  tightly  closed.  For  proper  deoxi- 
dation and  desulphurization  of  the  bath  all  iron  oxide  in  the  slag 
must  be  reduced.  This  is  done  with  petroleum  coke  and  deoxidizing 
alloys  such  as  ferrosilicon,  silicomanganese,  ferrosilico-manganese- 
aluminum,  or  even  silicon-aluminum.  These  alloys  act  energetically 
and  form  fluid  dags  which  rise  to  the  surface. 

When  the  slag  is  completely  deoxidized,  which  is  shown  by  its  being 
white  and  disintegrating  to  a  powder  in  air,  any  desulphurization 
not  completed  in  the  first  period  is  finished  by  the  passage  of  the 
sulphur  to  the  slag  as  calcium  sulphide,  the  chemistry  of  the  process 
will  be  described  later  (p.  124).  Carburizing  materials  are  added  for 
finishing  the  metal,  as  well  as  other  alloys  to  bring  the  steel  to  the 
desired  composition.  If  any  of  the  slag  from  the  first  period  has  been 
left  in  the  furnace,  the  phosphorus  in  it  will  be  reduced  in  the  second 
period,  passing  into  the  steel.  The  average  analysis  of  the  final 
white  slag  is  as  follows : 

Average  composition  of  final  slag. 

Per  cent. 

CaO 74. 85 

SIO, 13. 20 

FeO .  13 

MnO Traces. 

FetOft None. 

MtOz 1.76 

MgO 4.22 

P,0,_._ .09 

S 1. 20 
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The  power  consumption  recorded  at  the  terminals  of  the  furnace, 
including  melting,  refining,  and  finishing  a  charge  of  cold  scrap  is 
estimated  by  Girod  at  about  850  kilowatt-hours  per  ton  of  metal 
tapped  for  a  2.5  to  3  ton  furnace;  at  750  kilowatt-hours  per  ton  of 
metal  tapped  for  a  10  to  12  ton  furnace.  The  power  consumption 
varies  with  the  charge  and  product  required.  A  power  factor  of  0.80 
to  0.88  is  maintained.     • 

The  electrode  consumption  is  stated  to  be  8  to  9  kg.  (17.6  to 
19.8  pounds)  for  a  2.5  to  3  ton  furnace,  and  8  to  10  kg.  (17.6  to 
22  pounds)  for  a  10  to  12  ton  furnace.  These  figures  are  based  on  the 
use  of  electrodes  made  at  the  Oirod  plant,  not  designed  for  continuous 
feeding,  so  that  this  item  might  be  considerably  reduced. 

Dolomite-and-tar  hearths  are  used*  The  life  of  a  lining  is  90  to 
100  heats  for  a  furnace  of  10  to  12  tons  and  about  120  heats  for  the 
2.5  to  3  ton  furnace.  At  the  end  of  that  time  the  side  walls  are 
repaired.  All  burned  or  oxidized  parts  of  the  walls  are  scraped. 
About  4  to  6  inches  of  the  bottom  is  taken  up  and  retamped  with 
a  new  layer  of  dolomite.  Care  is  taken  to  leave  the  bottom  electrodes 
clear.  The  roof  of  the  furnace  is  made  of  silica  brick  and  stands  on 
an  average  50  heats  for  the  10  to  12  ton  furnace  and  70  heats  for 
the  2.5  to  3  ton  furnace. 

The  output  of  metal  is  90  to  96  per  cent  of  the  charge,  depending 
upon  the  nature  of  the  metal  charged. 

A  2.5  to  3  ton  furnace  requires  for  operation  1  melter,  1  assistant, 
and  1  boy ;  the  10  to  12  ton  furnace  1  melter,  2  assistants,  and  1  boy. 
This  does  not  include  foremen,  cranemen,  ladle  men,  and  other 
laborers. 

PBODUCTS  OF  THE  FUBIf  ACE. 

An  idea  of  the  charges,  power  consumption,  and  wide  variety  of 
products  made  at  Ugine  may  be  obtained  from  the  following  record  « 
of  the  operation  of  this  furnace: 

•  Girod,  P.,  op.  dt.,  and  BorcherSp  W.,  op.  dt. 
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FOUNDRY  OF  MONK£MOLL£R  A  CX>.,  BONN,  GERMANY. 

At  the  foundry,  of  Monkemoller  &  Co.,  Bonn,  Germany,  three 
Stassano  furnaces  (figs.  19,  20)  are  producing  low-carbon  steel  for 
high-grade  steel  castings  and  one  additional  Stassano  furnace  of  2-ton 
capacity  is  being  built.  The  Stassano  furnace  in  small  units  is  better 
adapted  to  this  use  than  to  any  other. 

DRSCBTPTION   OP  PLANT. 

There  are  two  1-ton  furnaces,  each  requiring  200  kw.,  supplied  by 
a  current  at  110  volts  with  a  frequency  of  25  cycles,  and  one  2-ton 
furnace  taking  400  kw.  at  120  volts ;  the  frequency  is  25  cycles.  The 
two  small  furnaces  are  of  essentially  the  same  construction  as  shown 
in  figures  19  and  20,  having  the  rotating  mechanism.  The  larger 
one  differs  only  in  that  it  is  set  on  rollers  for  tilting.  The  details  of 
construction  are  as  given  in  the  description  of  the  Stassano  furnace. 

FOUNDRY   PRACTICE. 

Scrap  steel  of-  various  sizes  and  grades  is  used  as  a  raw  material. 
This  is  charged  to  a  point  directly  beneath  the  three  arcs.  The  de- 
sulphurizing and  dephosphorizing  operations  are  in  general  about  the 
same  as  at  other  plants. 

It  takes  about  three  to  four  hours  to  melt  the  diarge  and  from  four 
to  five  hours  for  complete  melting  and  refining.  The  loss  of  heat  in 
the  water  cooling  of  the  electrodes  is  about  14  per  cent.  The  elec- 
trodes consumption  is  very  high,  owing  to  failure  to  use  up  stumps. 
The  repair  cost  is  also  high.  The  magnesite  brick  roof  lasts  from  80 
to  100  heats;  the  whole  furnace  must  then  be  relined.  The  power 
consumption  is  about  800  to  1,000  kilowatt-hours  per  ton.  A  power 
factor  of  from  0.85  to  0.90  is  maintained.  Power  is  supplied  by  a 
public-service  corporation  at  a  cost  of  about  1  cent  per  kilowatt-hour. 
The  electrodes  are  regulated  hydraulically,  but  not  automatically,  as 
a  man  watches  the  meter  for  changes  all  the  time. 

The  metal  is  poured  from  the  furnace  into  a  1  or  2  ton  ladle,  from 
which  it  is  poured  into  small  shanks  for  casting.  All  three  furnaces 
are  on  the  main  casting  floor  of  the  foundry.  Most  of  the  castings 
made  are  of  small  size.  The  steel  has  an  average  content  of  0.8  to  0.18 
per  cent  carbon,  0.03  per  cent  sulphur,  and  0.06  per  cent  phosphorus. 
Occasionally  tool  steels,  with  or  without  the  addition  of  alloys,  are 
made.  The  process  is  said  to  be  much  cheaper  than  the  crucible 
method  and  gives  a  better  product. 

SIIEFFIEIJ)   ANNEALING   WORKS,  8HEFFIETJ>,  ENGLAND. 

At  the  Sheffield  Annealing  Works,  Sheffield,  England,  a  2  to  2J 
ton  Gronwall  furnace  is  in  use  for  the  production  of  steel  from  scrap. 
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The  chief  product  is  alloy  steel,  which  is  cast  into  ingots  and  further 
treated  at  another  works.  The  scrap  steel  used  consists  for  the  greater 
part  of  small  pieces  of  tool  scrap  and  other  alloy  scrap. 

DKSCRIPTTON   OF  PLANT. 

The  furnace  (figs.  24,  25)  has  been  described.  At  some  future  time 
the  cables  to  the  electrodes  are  to  be  replaced  by  bus  bars.  The  fur- 
nace foundation  is  set  level  with  the  ground,  with  a  pit  in  front  for 
teeming.  The  building  is  not  well  arranged  for  electric  furnace 
work;  the  ventilation  is  very  poor.  Two  annealing  furnaces  are 
adjacent  to  the  casting  pit. 

The  two-phase  current  is  received  from  the  main  line  of  the  mu- 
nicipal power  system  at  2,000  volts,  with  a  frequency  of  25  cycles,  the 
cost  being  about  1  cent  per  kilowatt-hour.  An  integrating  wattmeter, 
from  which  the  power  is  charged  to  the  furnace  and  from  which 
power  figures  are  taken,  is  placed  on  the  primary  side  of  the  circuit 
where  the  line  enters  the  building.  The  meter  is  followed  in  the  cir- 
cuit by  choke  coils  to  the  two  transformers.  These  transformers  can 
be  adjusted  to  give  50,  60,  70,  or  80  volts  on  the  secondary  circuit* 
The  usual  voltage  is  75  volts.  The  neutral  point  is  connected  to  the 
bottom  of  the  furnace  and  a  phase  is  connected  to  each  electrode. 
The  secondary  switdiboard  has  a  power- factor  meter,  which  can  be 
thrown  into  any  leg,  as  well  as  a  voltmeter,  with  the  same  adjustment. 
On  the  switchboard  there  is  also  one  ammeter  set. in  the  neutral. 
On  the  back  of  the  furnace  there  are  two  ammeters,  one  to  each  phase^ 
by  means  of  which  two  men  regulate  the  electrodes. 

PLANT  PBACrriCE. 

The  furnace  is  operated  only  12  hours  a  day,  so  that  more  than 
two  charges  are  never  run  in  one  day;  also,  in  the  wintertime,  it  is 
necessary  not  to  draw  too  heavily  on  the  power  system  late  in  the 
afternoon  when  the  load  on  the  city  lines  begins  to  get  heavy.  Such 
operation,  of  course,  is  not  economical  with  respect  to  power  con- 
sumption, as  the  furnace  cools  overnight.  Constant  change  of  tem- 
perature in  the  furnace  also  increases  the  wear  on  the  lining  and 
the  electrodes. 

At  the  time  the  furnace  was  inspected  it  was  charged  with  steel 
scrap  containing  0.40  per  cent  carbon,  1  to  2  per  cent  tungsten,  and 
about  1  to  2  per  cent  chromium.  The  object  of  the  run  was  melting 
with  some  refining  and  the  casting  of  ingots.  The  charge  melted  in 
2  hours  and  15  minutes,  during  which  period  560  kilowatt-hours  per 
ton  were  expended,  and  was  poured  in  4  hours  and  5  minutes,  with  a 
total  expenditure  of  energy  of  902  kilowatt-hours  per  ton.  Thus 
62  per  cent  of  the  energy  consumed  was  used  for  melting.  During 
the  melting  stage  the  amperage  was  held  at  4,000  amperes,  or  about 
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600  kw.  was  on  the  furnace,  while  during  the  refining  period  this 
was  reduced  to  2,500  to  3,000  amperes  and  about  200  to  300  kw. 
Often  only  about  1,500  amperes  are  on  toward  the  end,  but  at  the 
very  end  the  temperature  is  raised  to  keep  the  slag  fluid.  This  is 
said  to  protect  the  roof,  which  seems  to  be  more  attacked  during 
the  last  half  hour  than  any  other  time.  During  the  melting  period 
a  mixture  composed  of  100  pounds  of  lime,  30  pounds  fluorspar,  and 
20  pounds  of  silica  was  added  in  two  parts.  None  was  added  after 
the  melting  period,  but  as  soon  as  the  alloy  was  hot  anthracite  coal 
dust  was  used  for  deoxidation.  In  1^  hours  the  slag  became  white. 
At  the  end  of  3  hours  and  50  minutes  samples  of  metal  and  slag  were 
taken.  The  slag  was  white.  Analysis  of  the  steel  showed  a  carbon 
content  of  0.39  per  cent.  While  the  analysis  was  being  made  more 
coal  was  shoveled  in  to  prevent  reoxidation  of  the  slag.  Another 
sample  of  slag  was  taken  and  the  charge  poured  into  a  2.5-ton  ladle 
that  had  been  preheated.  From  the  ladle  it  was  teemed  by  top- 
casting  into  ingots.  About  20  pounds  of  60  per  cent  ferrosilicon 
were  placed  in  the  spout  before  pouring,  and  20  to  30  pounds  of  80 
per  cent  ferromanganese  were  added  to  the  charge  in  the  furnace. 
The  weight  of  metal  tapped  was  2.1  tons.  Some  aluminum  was 
added  to  the  tops  of  the  ingot  molds. 

The  electrode  consumption  is  about  20  pounds  per  ton,  at  a  cost 
of  about  4  cents  a  pound.  Under  the  poor  operating  conditions  the 
silica  roof  lasts  about  20  heats.  The  conducting  bottom  had  been 
in  60  heats  at  the  time  of  inspection  and  was  still  in  good  condition. 

The  furnace  force  consists  of  a  superintendent,  a  chemist,  a  melter, 
two  assistant  melters,  a  ladle  man,  and  one  general  laborer. 

PLANT  OF  CKUCIBLB  STBEL  CASTIK6  CO.,  LANSDOWNB,  PA. 

At  Lansdowne,  Pa.,  the  Crucible*  Steel  Casting  Co.  has  recently 
built  the  first  Bochling-Rodenhauser  steel  furnace  to  be  used  com- 
mercially in  the  United  States.  It  is  used  for  producing  steel  for 
castings  from  cold  scrap. 

The  current  used  is  single-phase  and  the  furnace  is  of  2  tons 
capacity,  similar  to  the  furnace  shown  in  figure  27.  It  is  situated 
200  feet  from  the  generator,  on  an  operating  platform.  The  lining 
is  a  mixture  of  magnesite  and  tar  and  is  tamped  by  hand.  The 
roof  is  magnesite  brick.  A  motor-driven  blower  supplies  the  air  for 
cooling  the  transformer  coils  for  the  furnace. 

A  300-kilowatt  generator  supplies  a  25-cycle  single-phase  current  at 
480  volts,  and  is  directly  driven  by  a  2-cylinder  oil  engine.  The 
power  cost  is  estimated  at  0.7  cents  per  kilowatt-hour. 

•Von  Bauer,  C.  H.,  The  Rflchllngr-RodenbanBer  fnrnace  of  the  Crucible  Steel  Cotinf 
Co.,  Lansdowne,  Pa. :  Iron  Trade  Bev.,  vol.  53,  1913,  p.  1S3. 
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The  furnace  is  charged  while  hot  with  cold  scrap,  some  molten 
steel  from  the  previous  rmi  being  left  in  the  furnace.  At  present  it 
is  operated  only  12  hours  a  day,  making  twojnelts  in  that  period. 
The  general  refining  process  is  the  same  as  in  other  electric  steel 
furnaces.  The  length  of  run  varies  from  four  to  six  hours  and  the 
power  consumption  from  800  to  900  kilowatt-hours  per  ton.  Steel 
has  been  produced  of  the  following  composition — 0.30  per  cent  car- 
bon, 0,30  per  cent  silicon,  0.49  per  cent  manganese,  0.03  per  cent 
phosphorus,  and  0.03  per  cent  sulphur. 

OF  MOLTEN  STEEL  IK  THE  BLECTBIC  FUBKACE. 


PLANT  OF  ILLINOIS  STEEL  CO.,  SOUTH  CHICAGO,  ILL. 

The  15-ton  3<phase  Heroult  *  furnace  at  the  South  Chicago  works 
of  the  Illinois  Steel  Co.  until  recently  was  one  of  the  two  largest 
electric  furnaces  in  operation  for  the  manufacture  of  steel.  A  wide 
variety  of  products  was  made  in  an  attempt  to  learn  what  could  be 
done  with  the  electric  furnace.  The  furnace  was  primarily  intended 
for  the  refining  of  molten  Bessemer  steel,  but  some  cold  scrap  has 
been  treated. 

DESCRIPTION  OF  PLANT. 

The  Heroult  furnace  at  South  Chicago  has  already  been  de- 
scribed. The  steel  operating  platform  of  the  furnace  is  about  9  feet 
above  the  ground  level.  Around  the  furnace  on  this  platform,  at 
convenient  points,  bins  are  placed  for  the  materials  used  in  furnace 
operation.  The  front  part  of  the  furnace  platform  opens  to  allow 
a  ladle  to  be  hung  in  position  when  steel  is  poured. 

Power  for  the  furnace  is  supplied  by  the  central  plant  of  the 
works.  Dynamos  are  driven  by  reciprocating  gas  engines,  recipro- 
cating steam  engines,  and  high-pressure  and  low-pressure  turbines. 
Blast-furnace  gas  is  used  in  the  gas  engines  and  under  boilers.  The 
power  cost  is  about  0.5  cent  per  kilowatt-hour.  The  25-cycle  3-phase 
current  is  stepped  down  at  the  furnace  from  2,200  volts  by  three 
750-kilowatt  transformers.  These  transformers  are  arranged  so  that 
the  number  of  turns  in  the  primary  may  be  altered  to  give  a  secondary 
voltage  of  80, 90, 100,  or  110  volts.    The  usual  voltage  is  90  volts. 

The  pouring  platform,  30  feet  long,  enables  eight  molds  to  be 
placed  in  position  for  pouring.  The  furnace  is  served  by  a  50-ton 
crane. 

PLANT  PRACTICE. 

Bessemer  pig  iron  is  full  blown,  in  a  15-ton  Bessemer  converter,  in 
8  to  12  minutes.    The  analysis  of  the  Bessemer  metal  shows  0.05  to 

•Osborne,  O.  C,  The  15-ton  H4rouIt  famace  at  the  Sonth  Chicago  works  of  the  Illi- 
nois Steel  Co. :' Trans.  Am.  Electrochem.  Soc.,  vol.  19,  1911,  p.  205;  The  South  Chicago 
•lectrlc  furnace  plant  of  the  U.  8.  Steel  Corp. :  Met.  and  Cheni*  Bng.,  voL  8,  1910,  p.  179. 
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0.10  per  cent  carbon,  0.005  to  0.016  per  cent  silicon,  0.05  to  0.10  per 
cent  manganese*  0.035  to  0.07  per  cent  sulphur,  and  about  0.095  per 
cent  phosphorus.  It  is  then  poured  directly  from  the  converter  to  a 
transfer  ladle  and  drawn  to  the  electric  furnace  building,  about  one- 
fourth  of  a  mile  away.  As  a  precaution  against  the  possible  forma* 
tion  of  a  skull  in  the  ladle,  the  Bessemer  charge  is  blown  hotter  than 
in  ordinary  Bessemer  practice. 

When  the  ladle  is  received  at  the  electric  furnace  it  is  lifted  by  a 
crane  and  tilted;  the  silicious  slag  is  removed  by  hand  rabbling. 
The  metal  is  then  poured  into  the  electric  furnace  through  a  spout. 
The  cleaning  of  the  slag  and  the  charging  take  5  to  10  minutes.  As 
the  metal  pours  into  the  furnace  the  helper  shovels  iron  oxide  and 
lime  through  the  fumaee  doors  to  produce  a  basic  oxidizing  slag  for 
the  removal  of  phosphorus.  In  about  30  minutes  the  furnace  is  tilted 
forward  and  the  slag  removed  in  5  to  10  minutes  by  hand  rabbling. 
The  quantities  of  carbon,  silicon,  manganese,  and  phosphorus  have 
been  reduced  to  a  low  point  in  this  period. 

In  the  second  or  deoxidizing  stage  which  now  begins  sulphur  is 
eliminated  as  much  as  possible.  The  recarburizing  agent  is  added, 
followed  by  lime  and  fluorspar  to  keep  the  mass  fluid.  In  about  15 
minutes  this  second  slag  is  fluid,  and  finely  divided  coke  dust,  the 
deoxidizer,  is  thrown  on  top  of  the  slag,  forming  a  reducing  atmos- 
phere, as  shown  by  the  formation  of  calciiun  carbide  beneath  the 
electrodes.  Thereafter  there  is  a  dead  melting  in  a  reducing  atmos- 
phere. The  slag  is  basic  and  fluid  and  contains  considerable  calcium 
carbide.  It  will  be  seen  that  the  refining  practice  with  molten  metal 
is  quite  similar  to  that  with  cold  scrap. 

Tests  are  taken  to  show  the  condition  of  the  steel.  A  small  cylin- 
drical test  piece  is  poured  and  then  flattened  under  a  steam  hammer 
at  the  furnace.  If  the  forged  sample  appears  to  be  satisfactory,  the 
bath  is  tapped.  The  furnace  electi*odes  are  raised,  and  the  charge  is 
poured  into  a  ladle,  from  which  it  is  teemed  into  ingots. 

The  quantity  of  material  used  in  a  typical  charge  is  given  in  the 
following  charge  sheet: 

Ohwrge  sheet  of  IS-ton  H^rouU  furnace,  South  Chicago,  lU, 


Materials  used. 


Benemer  blown  metal 

Scale 

Ferromanganfiae,  80  per  cent  pure 

Ferroeflioon,  10  per  cent  pure 

FerrosQioon ,  50  per  cent  pure 

Recarbonizing  agent 

Flnorspar 

Coke  dust 

Lime,  first  dag. 

Lime,  second  slag 

Dolomite  lining 

lH^>|pM>g^(i^Hntn£    ,.., 


Pounds. 

Pounds  per 
toss  of  2^ 

pounds. 

80,000 

700 

tt.S 

200 

14.0 

60 

4.5 

80 

6.0 

180 

9.7 

400 

29.9 

200 

14.9 

ttO 

46.0 

<no 

46.0 

400 

29.9 

26 

1.8 
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The  time  consumed  in  the  different  operaticHis  is  divided  as  fol* 
lows: 

a.  m. 

Previous  heat  tapped 7.00 

Metal  ordered  for 7.15 

Metal  received 7. 15 

Fettling  begun 7. 17 

Current  on  - 7. 27 

Removal  of  slag  begun 8.00 

Removal  of  slag  finished 8.11 

Tapped  8.48 

Time  of  heat,  1  hour  21  minutes. 

The  temperature  of  the  Bessemer  metal  poured  into  the  electric 
furnace  is  almost  1,500°  C,  whereas  that  of  the  steel  poured  from 
the  furnace  is  about  1,495°  C.  At  the  close  of  a  run  the  furnace 
temperature  drops  from  about  1,500°  C.  to  1,300°  C.  during  the 
15  minutes  necessary  to  patch  the  lining  for  the  next  run. 

On  an  average  12  heats  are  made  daily.  During  a  series  of  ex- 
periments in  which  both  dephosphorization  and  desulphurization  took 
place,  the  average  power  consumption  was  198  kilowatt-hours  per 
long  ton.  When  desulphurization  alone  was  carried  on,  the  average 
power  consumption  was  105.9  kilowatt-hours  per  long  ton.  The 
power  factor  of  the  furnace  varies  from  0.80  to  0.90. 

The  hearth  is  fettled  after  each  run  with  dolomite,  from  10  to  80 
pounds  of  dolomite  being  used  per  ton  of  steel.  The  hearth  proper 
consists  of  4  parts  dead-burned,  ground  magnesite  mixed  with  1 
part  basic  open-hearth  slag.  To  Uiis  mixture  tar  enough  is  added 
to  make  the  mass  plastic  for  tamping.  After  being  tamped,  the 
furnace  is  heated  with  a  wood  fire  for  48  hours;  it  is  then  filled  with 
coke,  the  current  turned  on,  and  the  bottom  fluxed  into  place.  This 
bottom  and  the  side  walls  last  a  long  time.  A  silica-brick  roof 
withstands  about  a  week's  use  and  is  repaired  or  replaced  during 
the  regular  weekly  shutdown.  The  roof  has  then  been  subjected  to 
about  72  heats,  although  some  roofs  have  stood  129  heats.  A  new 
roof  is  always  kept  in  reserve. 

Extensive  tests  have  been  made  with  various  kinds  of  electrodes. 
The  average  consumption  of  either  amorphous  carbon  or  graphite 
electrodes  is  given  as  about  6  pounds  per  ton  of  steel.  As  in  cold- 
scrap  refining  processes,  the  electrodes  are  regulated  by  hand  during 
the  first  few  minutes  of  a  run. 

PRODUCTS. 

This  furnace  has  produced  a  greater  variety  of  steel  than  any 
electric  furnace  in  operation,  the  product  including  high-grade  alloy 
steel,  high-grade  carbon  steel,  and  ordinary  carbon  steel.  From  the 
ordinary  carbon  steel  produced,  rails  of  a  dozen  different  sections, 
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billets  of  all  sizes  and  grades,  plates  of  all  si^es  and  grades,  structural 
shapes,  castings,  both  small  and  large,  and  high  and  low  carbon, 
and  forgings  of  all  sizes  have  been  manufactured.  Among  the  alloy 
steels  made  are  nickel,  nickel-chrome,  chrome,  manganese,  and  silicon 
steels.    Some  steel  has  been  made  from  cold  scrap. 

The  main  characteristics  of  the  steels  produced  in  the  furnace  are 
a  comparative  freedom  from  oxidation  and  from  segregation  and  a 
higher  tensile  strength  and  slightly  higher  ductility  than  that  of 
open-hearth  or  Bessemer  steel  of  the  same  chemical  composition  up  to 
0.4  per  cent  carbon,  where  the  difference-  becomes  less  apparent. 

PLANT   OF   AMERICAN    STEEL    A   WIRE    CO.,    WORCESTER,    MASS. 

A  15-ton,  three-phase  Heroult  furnace  similar  to  the  South  Chi- 
cago furnace  was  in  operation  until  recently  at  Worcester,  Mass., 
for  the  production  of  steel  for  wire  from  basic  open-hearth  steel. 
Owing,  presumably,  to  difficulty  in  drawing  the  comparatively  high- 
carbon  steel  into  wire  the  furnace  is  not  operated  regularly  at  present. 
The  furnace  is  similar  in  construction  to  the  furnace  at  South  Chi- 
cago. A  current  of  12,000  volts  is  received  and  is  transformed  to 
about  110  volts  or  less  at  the  plant,  according  to  the  voltage  desired 
for  the  furnace.  There  are  three  750-kilowatt  transformers,  and  the 
furnace  is  connected  to  the  transformers  by  bus  bars.  Electrode  regu- 
lators similar  to  those  at  South  Chicago  are  used.  The  cost  of  power 
is  0.6  to  0.8  cents  per  kilowatt-hour. 

The  process  is  desulphurizing  only  and  hence  requires  less  time 
than  at  that  at  South  Chicago.  The  procedure  of  one  run  was  as  is 
stated  below.  The  charge  of  molten  basic  open-hearth  steel  con- 
tained 0.18  per  cent  carbon,  0.22  per  cent  manganese,  0.02  pep  cent 
silicon,  0.02  per  cent  phosphorus,  and  0.027  per  cent  sulphur.  As  the 
12  to  15  ton  charge  was  poured  into  the  electric  furnace  about  280 
pounds  of  electrode  dust  were  added.  Charging  took  about  5  min- 
utes. When  the  furnace  was  charged  a  mixture  made  of  700  pounds 
lime,  350  pounds  fluorspar,  and  50  pounds  of  coke  was  added.  In 
about  30  or  35  minutes  120  pounds  of  fluorspar  were  rabbled  in. 
This  was  followed  in  10  minutes  by  30  pounds  more  of  fluorspar. 
About  an  hour  after  the  charging  was  completed  a  sample  was  taken. 
Ojie  of  these  contained  0.50  per  cent  carbon,  0.12  per  cent  manganese, 
and  0.019  per  cent  sulphur.  Ferromanganese  and  pig  iron  were  then 
added.  About  10  minutes  after  the  first  sample  had  been  collected 
another  was  taken,  which  contained  0.45  per  cent  carbon,  0.45  per 
cent  manganese,  and  0.02  per  cent  sulphur.  The  slag  at  this  time 
was  tested  for  calcium  carbide,  then  ferrosilicon,  sand,  and  lime 
were  added.  The  current  was  then  turned  oflf  and  the  charge  poured 
into  a  ladle  and  cast  into  ingots.    The  finished  product  contained 
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0.54  per  cent  carbon,  0.47  per  cent  manganese,  0.157  per  cent  silicon, 
0.022  per  cent  of  phosphorus,  and  0.015  per  cent  of  sulphur. 

The  average  current  strength  for  a  run  was  12,810  amperes;  the 
power  factor  was  0.696;  the  voltage  was  76.2,  97.7,  and  73.3  volts; 
and  the  power  396,  451,  and  404  kw.  to  the  respective  phases.  The 
sum  of  the  kilowatts  on  the  three  phases  was  1,253  kw.  and  the  aver- 
age length  of  a  run  was  1.41  hours,  making  the  total  power  con- 
sumption 1,746  kilowatt-hours.  The  average  power  consumption  per 
ton  of  metal  poured  is  about  152  kilowatt-hours. 

The  temperature  of  the  steel  when  charged  is  about  1,454^  C.  The 
temperature  of  the  slag  is  1,524^  C.  The  steel  is  tapped  at  a  lower 
temperature  than  it  is  charged. 

The  total  losses  in  bus  bars,  electrodes,  and  transformers  is  6.53 
per  cent  of  the  current  measured  at  the  switchboard.  About  2  per 
cent  of  this  loss  is  in  the  transformers.  The  loss  by  conduction 
through  the  walls  is  5.57  per  cent  of  the  total  power  supplied  the 
furnace. 

GUTEHOFFNUNOSHUTTB   WORKS,   OBERHAU8EN,   GERMANY. 

An  extensive  test'  has  been  conducted  at  Oberhausen,  Germany, 
on  the  Girod  electric  furnace  (fig.  32)  for  the  refining  of  steel  from 
molten  basic  open-hearth  metal. 

DESCRIPTION  OF  PLANT. 

The  Girod  furnace  installed  here  is  from  2.6  to  3  ton  capacity  (fig. 
22)  and  is  similar  to  the  usual  type  of  Girod  furnace. 

The  single-phase  current  is  supplied  by  a  motor-generator  set  con- 
sisting of  a  3,000-volt,  95-ampere,  575-kilowatt,  three-phase  induction 
motor  driving  a  single-phase  75- volt,  6,700-ampere,  25-cycle,  500-kilo- 
watt  generator.  The  power  factor  is  0.8.  These  machines,  as  well  as 
all  conductors  carrying  high-tension  currents,  are  placed  in  a  room 
adjoining  the  furnace.  The  loss  in  transforming  from  three-phase  to 
singe-phase  current  is  about  14  per  cent.  On  the  furnace  switch- 
board there  are  ammeters  and  voltmeters  in  the  low-tension  circuit, 
with  a  wattmeter  in  the  primary  circuit.  The  excitation-current 
regulator  for  the  furnace  voltage,  the  manual  and  automatic  regu- 
lator for  the  electrodes,  and  the  device  for  tilting  the  furnace  are 
all  controlled  from  the  switchboard. 

BEFININQ  PRACTICE. 

In  continuous  operation  it  is  possible  at  this  plant  to  run  8  heats 
in  24  hours,  a  total  of  25  tons  of  steel.    The  basic  open-hearth  furnaces 

•  Mueller,  A.,  The  manufacture  of  steel  in  the  Girod  electric  furnace :  Metall.  Chem. 
Bng.,  Tol.  9,  1911,  p.  581, 
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are  tapped  only  every  four  hours,  so  that  the  electric  furnace  can  not 
be  operated  continually.  The  furnace  is  charged  by  means  of  a 
23- foot  launder  extending  from  the  open  hearth.  During  the  charg- 
ing process  the  curr^t  ia  4,000  to  6,000  amperes.    After  tne  charging 


launder  has  been  removed  from  the  furnace  the  flux  of  ore  and  lime 
for  oxidizing  is  shoveled  into  the  furnace.  The  usual  practice  is 
followed  for  oxidation  and  deoxidation.  The  results  of  tests  to 
determine  oxidation  and  deoxidation  of  impurities  ia  given  below. 
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Fi^re  83  shows  diagrammatically  the  chemical  reactions  dunng  a 
heat  in  the  Girod  furnace  and  illustrates  the  changes  of  the  carbon; 
man^nese,  phoephonis,  sulphur,  and  silicon  contents. 

The  results  of  the  analyses  of  19  samples  are  here  plotted.  Sample 
I  is  that  of  the  charge,  sample  2  was  taken  after  addition  of  15  kg. 
(38  pounds)  of  ore,  sample  3  after  addition  of  50  kg.  (110  pounds) 
of  ore.  Samples  4  and  5  were  also  taken  during  the  oxidatiMi  period, 
sample  6  being  taken  just  before  removal  of  the  oxidation  slag. 
Samples  6  to  19  were  taken  during  the  deozidation  period.  Sample  6 
was  taken  after  the  addition  of  18  kg.  (35  pounds)  of  Girod  carbons 
and  5  kg.  (11  pounds)  of  f erromanganese ;  sample  7  after  the  addi- 
tion of  12  kg.  (26.5  pounds)  of  ferrosilicon  (50  per  cent  Si)  and  40  kg. 


(88  pounds)  of  refining  ^ag;  sample  6  after  the  addition  of  4  kg. 
(8.8  pounds)  of  ferrosilicmi ;  sample  9  after  the  addition  of  20  kg. 
(44  pounds)  of  refining  slag;  sample  10  after  the  addition  of  3 
kg.  (6.6  pounds)  of  ferrosilicon;  sample  11  after  addition  of  2  kg. 
(4.4  pounds)  of  powdered  petroleum  coke ;  sample  12  after  the  addi- 
tion of  1  kg.  (2.2  pounds)  of  ferromanganese  (80  per  cent  Mn) ; 
sample  13  after  the  addition  of  8  kg.  (17.6  pounds)  of  lime;  nothing 
was  added  when  samples  14  and  15  were  taken ;  sample  16  was  taken 
after  the  addition  of  10  kg.  (22  pounds)  of  lime  and  fluorspar  and 
3  kg.  (4.4  pounds)  of  powdered  petroleum  coke;  and  sample  17  after 
addition  of  2  kg.  (4.4  pounds)  of  ferromanganese.  Nothing  was 
added  after  that,  sample  19  bdng  the  last. 
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The  oxidation  period  must  be  preceded  in  many  caaes  by  a  melting 
period  of  a  length  corresponding  to  the  interval  between  charges.  A 
longer  interval  causes  the  steel  to  solidify  in  parts.  During  this  time 
or^  is  added  gradually  to  the  bath  in  the  furnace. 

The  carbon  oxidizes  slowly  in  spite  of  the  high  temperature  in  the 
furnace.  The  curves  shown  in  figure  33  are  based  on  data  obtained 
from  a  heat  in  which  0.10  per  cent  carbon  was  oxidized  in  55  minutes, 
the  amount  oxidized  being  equivalent  to  53  per  cent  of  the  original 
carbon  content.  Although  the  manganese  was  present  in  a  more 
concentrated  state  than  the  carbon,  only  58  per  cent  of  the  original 
manganese  content  was  oxidized  in  the  same  time.  The  amount 
oxidized  is  equal  to  a  decrease  in  manganese  from  0.52  to  0.22 
per  cent. 

Phosphorus  can  be  more  completely  removed  than  the  other  impuri- 
ties since  the  proportion  of  the  oxidizing  agent  can  be  governed  at 
will  and  the  slag  can  be  kept  very  basic,  and  these  conditions  facilitate 
the  removal  of  phosphorus.  As  decarburization  progresses  the  phos- 
phorus content  decreases  steadily,  the  low  temperature  of  the  bath 
favoring  the  oxidation  of  phosphorus.  The  third  sample  taken 
(fig.  33),  after  a  charge  of  50  kg.  (110  pounds)  of  ore  had  been 
added,  contained  only  0.008  per  cent  phosphorus,  against  0.039  per 
cent  in  the  first,  a  reduction  of  80  per  cent.  Practically  all  the  phos- 
phorus is  removed  before  slagging  proceeds. 

As  shown  in  figure  33,  the  sulphur  content  decreases  from  0.055 
per  cent  to  0.037  per  cent  during  oxidation,  the  decrease  being  83  per 
cent.  Wiist  claims  that  slag  containing  ferrous  oxide  dissolves  iron 
sulphide  to  a  certain  extent.  In  stronger  concentration  it  reacts  with 
ferrous  oxide,  according  to  the  equation : 

FeS+2FeO=8Fe+S02. 

The  sulphur  dioxide  escapes  and  can  be  clearly  recognized.  But 
a  part  of  the  sulphur  may  still  remain  dissolved  in  the  slag  together 
with  free  ferrous  oxide,  as  is  shown  by  the  sulphur  in  the  oxidation 
slags.  The  average  decrease  in  sulphur  content  during  the  oxidation 
period  is  26  per  cent. 

The  oxidation  slag  is  drawn  off,  and  the  last  trace  of  phosphorus 
is  removed  from  the  bath  by  mixing  lime  with  it.  This  method  avoids 
rephosphorization  of  the  bath  by  the  carbon  and'  siliccm  additicms 
in  the  following  period.  One  slag  is  sufficient  to  remove  all  the 
phosphorus  except  traces. 

The  deoxidizing  slag  is  produced  by  adding  to  the  bath  about  20 
kg.  (44  pounds)  of  lime,  3  kg.  (6.6  pounds)  of  sand,  and  a  like 
quantity  of  fluorspar,  and  also  1  kg.  (2.2  pounds)  of  ferrosiliccm 
(50  per  cent  silicon)  per  ton  of  steel.  This  slag  dissolves  the  ferrous 
oxide  that  has  been  forming  on  the  unprotected  surface  of  the  metal 
and  thereby  becomes  black. 
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The  reduction  of  the  ferrous  oxide  in  the  slag  is  indispensable 
for  the  deoxidation  and  desulphurization  of  the  bath.  For  this 
deoxidation  the  silicon  from  the  .added  ferrosilicon  is  not  sufficient, 
and  1  to  2  kg.  (2  to  4  pounds)  of  powdered  petroleum  coke  are 
added  to  insure  complete  deoxidation.  The  slag  obtained  disinte- 
grates in  the  air  quickly  to  a  white  powder,  indicating  that  the 
ferrous  oxide  has  been  reduced  to  traces. 

With  high-carbon  products,  petroleum  coke  or  waste  pieces  of  car- 
bon electrode  are  added  in  proper  proportion  to  the  bath  as  required 
for  purposes  of  carburization  prior  to  the  formation  of  the  deoxida- 
tion slag.  As  soon  as  the  slag  is  readily  fluid  and  free  from  oxide, 
ferromanganese,  ferrosilicon,  and  other  alloys  are  added. 

The  addition  of  these  alloys  which  are  often  impure  may  increase 
the  phosphorus  and  sulphur  content  considerably.  Thus,  in  figure  33 
sample  6  shows  that  the  phosphorus  has  increased  from  traces  to 
0.08  per  cent,  owing  to  the  addition  of  ferromanganese  with  a  phos- 
phorus content  of  0.4  per  cent.  The  chemical  composition  of  the  slag 
at  different  periods  of  the  melt  follows: 

Composition  of  Blaga, 
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The  sulphur  is  removed  in  three  ways:  During  oxidation,  through 
the  formation  of  sulphur  dioxide  by  the  action  of  slag  rich  in  ferrous 
oxide;  in  the  deoxidation  period,  through  the  action  of  the  white 
slag,  free  from  ferrous  oxide ;  and  through  the  union  of  silicon  with 
sulphur,  forming  silicon  sulphide. 

The  quiet  melting  of  a  cold  scrap-steel  charge  has  been  recognized  as 
a  great  advantage  of  the  Girod  furnace.  Figure  34  shows  the  fluctu- 
ations of  the  kilowatt  consumption  as  traced  by  a  recording  watt- 
meter, starting  with  a  liquid  charge.  The  regulation  of  voltage  and 
current  is  almost  always  automatic;  hand  regulation,  with  the  auto- 
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matic  re^lator  disconnected,  is  used  0DI7  during  the  be^nning  of  a 
run.  In  figure  34  the  tetters  represent  the  time  of  the  operations  as 
given:  A,  tapping;  B,  C,  and  B,  additions  of  flux;  E,  carburization ; 
F,  slagging;  G,  slag  readily  fluid;  H,  bath  boiling;  I,  additicMis  of 
ore ;  J,  slag  not  fluid ;  K,  diarging. 


FiaoKB  34. — Power  flnetiutloni  ol 


«  during  ■  heat. 


The  size  of  the  furnace,  the  duration  of  the  intervals  between  suc- 
cessive heatii,  the  cooling  of  the  furnace  during  these  intervals,  the 
condition  of  the  charge,  the  quality  of  steel  desired,  and  other  factors 
all  affect  the  energy  consumption  decidedly. 
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Figure  35  shows  the  influence  of  the  weight  of  charge  on  the  specific- 
energy  consumption  per  ton.  The  results  are  aver&ges  taken  from  500 
successive  heats,  including  some  of  alloy  steels.  The  energy  consump- 
tion depends  a.  great  deal  on  the  weight  of  the  charge  and  decrease 
in  large  furnace. 
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Th«  loss  of  heat  throu^  radiation  and  conduction  and  the  fluctua- 
tions of  temperature  decrease  with  increasing  size  of  furnaces,  the 
temperature  being  much  more  es^ly  regulated  in  large  furnaces  than 
in  small  ones. 

The  minimum  economical  wei^t  of  charge  is  about  2,S00  kg.  (fig. 
35),  the  specific-energy  consumption  not  changing  materially  with 
increasing  weight  up  to  3,300  kg. 

The  specific- energy  consumption  depends  still  more  on  U»e  tempera- 
ture of  the  furnace,  and  this  depends  greatly  on  the  durati<m  of  the 
intervals  between  charges.  The  fall  of  temperature  after  tapping  is 
rapid  compared  with  that  of  an  open-hearth  furnace,  the  temperature 
of  which  decreases  to  only  1,000°  C.  in  25  hours  and  decreases  after- 
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wards  at  the  rate  of  20°  C.  per  hour.  Under  such  conditions  it  is 
possible  to  get  a  high  thermal  efficiency  with  the  Girod  furnace  only 
by  charging  it,  at  the  latest,  20  minutes  after  the  last  tapping.  The 
temperature  of  the  interior  of  the  furnace  is  then  still  about  1,800°  C. 
The  enei^  consumption  per  ton  is  then  188  kilowatt-hours  for  me- 
dium-grade steels  and  270  kilowatt-hours  for  high-grade  steels 
(fig.  36). 

Under  favorable  conditions  it  was  possible  in  a  Girod  3-ton  furnace 
to  refine  3,654  kg.  (8,039  pounds)  of  steel  with  an  energy  consumption 
of  158  kilowatt-hours  per  ton,  including  refining  by  oxidation,  deoxi- 
dation,  and  desulphurization.  Large  Girod  furnaces  give  more  favor- 
able results,  as  they  can  be  charged  immediately  after  tapping,  while 
they  are  at  a  temperature  of  200°  C-  higher. 
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The  silica  brick  roof  of  the  furnace  lasts  for  60  to  70  heats.  The 
walls  are  attacked  most  at  the  slag  line.  This  is  fettled  between 
charges.  After  120  heats  it  is  necessary  to  reline  the  walls.  The 
hearth  bottom  is  also  repaired  then,  as  by  that  time  it  has  sunk  about  2 
inches  in  the  center.  The  hearth  does  not  have  to  be  pulled  out  when 
it  is  repaired. 

The  heat  loss  due  to  cooling  of  the  bottom  electrodes  is  1.01  per  cent 
of  the  energy  consumption^  and  in  producing  3.5  tons  of  steel 
the  cooling  of  these  electrodes  consumes  about  2.9  kilowatt-hours  per 
ton  of  steel  poured.  The  heat  lost  in  cooling  the  silica  roof  around 
the  carbon  electrode  is  3.65  per  cent  of  the  total  eneigy  supplied. 
With  a  production  of  3.5  tons,  10.5  kilowatt-hours  per  ton  would  be 
lost  in  cooling  the  upper  electrode. 
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The  analyses,  tests,  and  uses  for  some  of  the  products  of  this  Girod 
furnace  follow.  Similar  products  can  be  made  in  any  commercial 
electric  steel  furnace. 

Analyses,  tensile  sirenffth,  and  uses  of  various  electric  steels. 
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WORKS  AT  VOLKUNGEN,  GERMANY. 

Two  Rochling-Rodenhauser  furnaces  at  Volklingen,  Germany,  are 
in  operation  for  the  refining  of  molten  basic  Bessemer  steel,  with  the 
production  of  steel  varying  in  grade  from  rail  steel  to  high-priced 
tool  steel.  At  this  plant  the  Kochling-Rodenhauser  furnace  was  de- 
veloped from  the  original  Kjellin  design. 

One  of  the  furnaces  is  of  8  to  10  tons  capacity  (fig.  27),  taking 
600  kw.,  supplied  by  a  25-cycle  single-phase  current  at  a  voltage  of 
4,000  to  5,000  volts.  The  2  to  3  ton  three-phase  furnace  requires  200 
to  250  kw.  at  a  pressure  of  400  volts  on  a  50-cycle  circuit.  The  details 
of  these  furnaces  have  been  previously  described. 

METHOD  OF  BELINIITO  FUBNACK8. 

In  relining  the  furnaces  the  furnace  castings  are  first  protected 
by  layers  of  fire  brick,  which  serve  as  the  principal  protection  against 
radiation  losses  and  rarely  require  replacement.  On  the  fire  brick 
a  layer  of  a  mixture  of  calcined  dolomite  and  tar  is  rammed  to  the 
level  of  the  hearth  bottom.  Cast  iron  templates  are  then  set  and 
dolomite  mixture  is  rammed  behind  them  on  the  sides.  After  the 
templates  are  removed,  the  walls  are  finished  with  dolomite  brick. 

The  lining  is  dried  by  placing  cast-iron  rings  in  the  channels  and 
heating  the  rings  by  the  passage  of  current.  When  the  tar  in  the 
mixture  is  burned  out  the  roof  is  put  on  and  molten  pig  iron  is 
charged  to  complete  the  sintering  of  the  hearth. 

The  time  required  for  relining  a  3- ton  furnace  is  as  follows:  Ee- 
moving  old  lining  and  ramming  in  new,  24  hours;  burning  out  tar 
with  hot  rings,  6  hours;  completing  the  sintering  of  the  lining,  6 
hours — ^total,  36  hours.  During  burning  and  sintering  about  280 
kilowatt-hours  are  consumed.  Such  a  lining  stands  on  the  average 
55  charges,  or  360  to  500  tons  of  hot  metal,  according  to  the  steel  pro- 
duced. 

BEFININQ   PBACTIOE. 

The  molten  metal  charged  into  the  furnaces  at  Volklingen 
from  the  basic  Bessemer  converters  contains  0.1  per  cent  carbon, 
0.6  per  cent  manganese,  0.08  per  cent  sulphur,  and  0.08  per  cent  phos- 
phorus. At  times  molten  basic  open-hearth  steel  that  has  been  re- 
fined, containing  about  1.22  per  cent  carbon,  0.38  per  cent  manganese, 
and  0.209  per  cent  silicon,  is  put  in  the  electric  furnace  to  allow  re- 
moval of  gases,  to  adjust  the  carbon  content  and  to  add  alloys. 

Dephosphorizing  and  desulphurizing  are  carried  on  as  in  the  arc 
furnace,  but  not  at  so  high  a  temperature,  although  the  temperature 
is  sufficient  for  the  purpose,  and  is  more  evenly  distributed  through 
the  charge.  Also  most  of  the  desulphurizing  is  caused  by  the  action 
of  ferrosilicon  and  lime  on  ferrous  sulphide,  as  the  temperature  is  not 
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high  enough  to  permit  the  formation  of  calcium  carbide.  Hence  more 
ferrosilicon  is  charged  in  the  induction  furnace  than  in  the  arc 
furnace. 

The  furnace  is  started  cold,  rings  of  steel  are  placed  in  the  chan- 
nels, and  molten  metal  is  poured  on  them.  The  voltage  of  the  sec- 
ondary current,  through  the  pole  plates,  is  higher  than  usual  at  the 
start  in  order  to  warm  the  hearth  more  quickly  and  make  it  conduct- 
ing. Formerly  it  was  customary  to  pass  current  through  the  fur- 
nace on  Sunday  to  keep  it  hot,  but  now  the  doors  are  closed  and  the 
current  is  shut  off  entirely.  After  the  furnace  has  stood  30  hours 
part  of  the  current  is  turned  on  and  the  amount  is  gradually  increased 
until  in  4  to  6  hours  the  furnace  is  at  working  temperature.  After 
each  run  the  furnace  is  practically  emptied.  In  using  cold  scrap 
about  two-thirds  of  the  charge  is  molten  steel  and  the  rest  is  cold 
scrap.  . 

With  hot  metal  the  length  of  a  heat  varies  from  1  hour  15  minutes 
to  3  hours.  With  a  cold  charge  the  time  required  is  3  to  6  hours.  To 
produce  a  rail  steel  containing  0.5  per  cent  carbon,  0.8  per  cent  man- 
ganese, 0.04  per  cent  sulphur,  and  0.05  per  cent  phosphorus,  about  100 
to  125  kilowatt-hours  per  ton  are  necessary  with  a  hot  charge  of  Bes- 
semer metal.  For  high-grade  steel  containing  0.05  per  cent  carbon, 
0.25  per  cent  manganese,  and  trace  of  sulphur  and  phosphorus,  the 
power  consumption  is  about  300  kilowatt-hours  per  ton.  The  power 
factor  averages  about  0.60  with  both  the  single  and  the  8-phase  fur- 
naces. With  cold  scrap  the  power  consumption  is  claimed  to  be  580 
kilowatt-hours  per  ton.  The  power  cost  at  Volklingen  is  about  1.5 
cents  per  kilowatt-hour. 

PBODUCTQI^ 

Steel  of  many  grades  has  been  made  at  Volklingen  in  the  induction 
furnace,  including  high-grade  tool,  alloy,  and  rail  steels.  Some  of 
the  mild-steel  products  and  the  power  consumption  are  as  follows: 

Mild-steel  products  of  Rdchling-Rodenhauaer  furnace. 
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PLANT  OF  UL  QALLAI8  METZ  A  CO.,  DOMM£U>ING£N,  LUXEMBURG. 

At  Dommeldingen,  Luxemburg,  is  the  largest  installation  of  Boch- 
ling-Bodenhauser  furnaces  in  operation.  There  are  three  single- 
phase  S^-ton  furnaces,  similar  to  the  one  shown  in  figure  27,  and  one 
three-phase  2.5-ton  furnace.  The  single-phase  furnaces  take  350  to 
400  kw.  at  3,500  volts,  50  cycles.  The  three-phase  furnace  requires 
275  kw.  at  500  volts,  50  cycles.  The  power  factor  of  the  single-phase 
furnace  averages  about  0.6,  and  that  of  the  three-phase  furnace  is 
sometimes  as  high  as  0.7. 

Pig  iron  is  made  into  steel  in  a  gas-heated  20-ton  tilting  furnace. 
When  3.5  tons  of  the  steel  is  transferred  to  an  electric  furnace  for 
further  refining  it  is  replaced  by  3.5  tons  of  pig  iron.  The  gas  fur- 
nace acts  as  an  oxidizing  mixer.  The  steel  in  the  gas  furnace  has 
0.26  per  cent  carbon,  0.082  per  cent  phosphorus,  and  0.03  per  cent 
sulphur.  For  ordinary  castings  the  steel  is  in  the  electric  furnace 
about  2  hours,  for  the  best  machinery  castings  3  to  3^  hours. 

The  three-phase  furnace  was  not  in  use  at  time  of  inspection,  as 
faulty  design  had  resulted  in  poor  oj)eration. 

Some  of  the  results  obtained  in  practice  at  Dommeldingen  were  as 
follows : 

Results  obtained  from  furnace  practice  at  Dommeldinffen. 
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CHARACTERISTICS  OF  OPERATION  OF  EliECTRIC  STEEL 

FURNACES. 

DESIGN. 

From  what  has  been  said  it  is  clear  that  electric  steel  furnaces  vary 
widely  in  design,  but  they  may  be  divided  into  two  general  classes, 
arc  furnaces  and  induction  furnaces.  The  general  features  of  the  op- 
eration of  the  furnaces  in  a  class  are  similar.  Steel  of  about  the  same 
grade  can  be  made  in  any  of  the  commercial  electric  furnaces, 
but  from  their  design  some  furnaces  are  better  adapted  to  one  purpose 
than  to  another.  In  general  the  power  consumption  and  efficiencies  of 
the  various  types  are  about  the  same.  Hence  the  choice  of  the  type  of 
.furnace  for  a  specific  purpose  should  be  determined  by  the  factors 
of  the  individual  case. 
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Several  general  points  should  be  considered  in  choosing  the  type  of 
furnace.  In  comparing  the  arc  and  the  induction  furnace  it  should 
be  remembered  that  the  arc  furnace  is  better  adapted  to  melting 
cold  scrap  than  is  the  induction  furnace,  because  the  latter  must  be 
charged  with  molten  metal  at  the  start  to  insure  quick  and  regular 
heats.  The  power  factor  of  the  induction  furnace  is  lower  than  that 
of  the  arc  furnace  and  is  much  lower  than  that  of  most  public  power 
service  lines.  Hence,  an  induction  furnace  that  might  be  a  satisfac- 
tory load  on  a  private  plant  carrying  no  other  load,  on  a  public  line 
might  lower  the  power  factor  of  the  whole  system  to  an  objectionable 
degree.  If  an  induction  furnace  is  built  where  power  must  be  ob- 
tained from  a  public  service  line,  the  company  operating  the  furnace 
may  be  required  to  put  in  a  motor-generator  set  at  its  own  expense. 
In  general,  the  induction  furnace  makes  a  more  steady  demand  on 
the  central  power  plant  than  the  arc  furnace,  because  there  is  no 
constant  breaking  of  the  arc  which  may  cause  fluctuations. 

In  choosing  an  arc  furnace  for  refining  cold  scrap  it  seems  thajt 
the  load  on  the  power  line  is  more  satisfactory,  if  the  furnace  is  of 
the  conducting-hearth  type  with  several  upper  electrodes  in  parallel 
rather  than  of  the  type  with  two  arcs  in  series  with  the  bath.  This 
is  because  the  arc  breaks  less  frequently  in  the  former  than  in  the 
latter.  For  continuous  steady  operation  on  either  cold  scrap  or 
molten  steel,  one  furnace  is  probably  about  as  good  as  the  other  as 
regards  mechanical  features,  power  consumption,  and  heat  losses, 
although  some  consider  the  water-cooled  electrodes  of  the  conducting 
hearth  and  broken  hearth  to  be  objectionable.  An  arc  furnace  in 
which  heating  is  by  radiation  of  the  arc  has  a  higher  power  consump- 
tion than  the  other  types.  Electrode  consumption  and  repair  cost  are 
also  higher. 

FOWEB  COKSUHPTION. 

The  power  consumption  of  furnaces  depends  so  much  upon  the 
materials  being  treated,  the  process  of  operation,  and  the  product 
desired  that  no  satisfactory  comparisons  can  be  made.  Also,  the  point 
in  the  circuit  at  which  the  reading  is  taken  for  figuring  the  basis  of 
power  consumption  may  be  so  variously  selected  that  one  furnace  may 
show  a  much  lower  power  consumption  than  the  other  when  it  should 
show  about  the  same.  With  cold  scrap  the  power  consumption  of  the 
various  arc  furnaces  varies  from  459  to  1,200  kilowatt-hours  per  ton. 
Aside  from  the  points  mentioned,  this  wide  variety  of  results  may  be 
due  to  the  amount  of  refining  done.  Furnaces  in  which  only  one 
refining  slag  is  used  take  about  600  kilowatt-hours  per  ton  on  an 
average,  while  if  two  slags  are  used  800  to  1,000  kilowatt-hours  i)er 
ton  are  necessary.  Power  consumption  per  ton  of  metal  is  also  influ- 
enced by  the  size  of  the  furnace.    For  example,  a  10  to  12  ton  Girod 
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furnace  uses  about  12  per  cent  less  power  per  ton  than  a  2.5  to  3  ton 
furnace  of  the  same  type. 

In  refining  molten  steel  in  the  electric  furnace,  the  power  con- 
sumption has  raried  from  100  to  300  kilowatt-hours  per  ton.  Rail 
steel  of  this  class  takes  about  100  kilowatt-hours  per  ton  when  one 
slag  only  is  necessary  and  about  200  kilowatt-hours  per  ton  with  two 
slags  in  a  15-ton  furnace.  Tool  steel  is  made  from  molten  metal  in 
a  2  to  3  ton  furnace  with  a  power  consumption  of  150  to  300 
kilowat1>-hours  per  ton. 

FOWEB  PACTOB. 

The  power  factor  is  the  ratio  of  the  number  of  effective  watts  in 
an  alternating-current  circuit  to  the  number  of  volts  multiplied  by 
the  number  of  amperes.  Any  self-induction  in  the  circuit  causes  a 
difference  in  phase  between  the  electromotive  force  or  voltage  and 
the  current  or  amperage,  and  the  current  will  thus  lead  or  lag  behind 
the  voltage;  that  is,  the  two  do  not  reach  their  maxima  at  the 
same  moment.  An  amount  of  energy  equal  to  the  number  of  am- 
peres multiplied  by  the  number  of  volts  is  surging  through  the  cir- 
cuit, but,  as  the  electromotive  force  and  current  do  not  reach  their 
maxima  together,  the  product  does  not  represent  the  effective  energy 
that  is  usefully  consumed  at  the  receiving  end. 

The  generators  have  to  supply  the  total  wattage  and  the  line  has 
to  conduct  it.  Hence  to  offset  a  low  power  factor  large  generators 
and  thick  conductors  must  be  used.  For  example,  a  power  factor 
of  0.5,  or  50  per  cent,  means  that  conductors  of  double  size  must  be 
used  to  get  the  same  number  of  effective  watts  as  with  a  power 
factor  of  1,  and  it  also  means  that  generators  of  double  capacity 
must  be  used  to  produce  the  same  useful  output.  In  such  a  case 
there  would  still  be  objection  raised  by  the  power  company,  for  the 
voltage  regulation  of  the  line  and  generators  would  be  poor,  and 
the  low  power  factor  would  act  as  a  brake  on  the  circuit,  throwing 
back  on  it  all  power  not  effectively  used  and  causing  the  generating 
machinery  to  heat.  If  the  company  using  a  furnace  with  a  low 
power  factor  generates  its  own  power,  it  must  consider  the  increased 
capital  investment  on  account  of  larger  generating  capacity. 

If  the  ordinary  loads  of  a  central  power  station  are  considered,  an 
operating  power  factor  above  0.95  will  be  obtained  only  when  prac- 
tically all  of  the  load  consists  of  synchronous  motors  or  rotary  con- 
verters that  may  be  operated  with  a  power  factor  of  about  1.  The 
power  factor  for  a  plant  having  a  large  proportion  of  induction 
motors  is  about  0.70.  Hence  in  operating  several  electric  furnaces 
the  necessity  of  keeping  the  power  factor  of  the  single  unit  as  much 
above  0.80  as  possible  is  evident  or  the  power  factor  of  the  whole 
plant  may  drop  below  0.70. 
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Without  discussing  the  causes  in  furnace  design  that  influence  the 
power  factor,  it  may  be  said  that  there  are  three  ways  of  reducing 
the  trouble.  One  is  to  reduce  the  frequency  of  the  alternating  cur- 
rent, but,  although  this  should  be  considered  when  a  new  plant  is  to 
be  erected,  in  an  established  works  such  a  change  means  new  electrical 
machinery  of  special  design  and  higher  cost  A  more  practical  way 
is  to  increase  the  resistance  of  the  furnace,  which  results  in  a  higher 
working  voltage  and  a  higher  power  factor.  The  third  method  is 
to  decrease  the  quantity  of  iron  surrounding  the  brickworlc  of  the 
furnace  as  much  as  possible,  as  this  iron  causes  the  formation  of  lines 
of  force  that  tend  to  lower  the  power  factor.  Tie-rods  and  buck 
staves  may  be  made  of  nonmagnetic  special  steel,  or  a  strip  of  cop- 
per may  be  inserted  to  break  the  continuity  of  the  iron  surrounding 
the  circuit. 

The  effect  of  frequency  has  been  mentioned.  It  is  for  this  reason 
that  most  electric  steel  furnaces  are  operated  with  a  current  having  a 
frequency  of  26  cycles  rather  than  with  the  60-cycle  current  ordi- 
narily used  in  commercial  practice.  Up  to  the  time  of  the  design  of 
the  combination  induction  furnace  the  great  drawback  to  the  induc- 
tion furnace  as  originally  built  was  the  necessity  of  using  a  current 
with  a  frequency  as  low  as  5  to  15  cycles  in  order  to  obtain  a  power 
factor  over  0.6.  With  the  combination  induction  furnace  a  power 
factor  of  0.6  can  be  obtained  with  a  frequency  of  25  cycles. 

The  power  factor  of  a  furnace  decreases  if  the  size  is  increased  and 
the  voltage  and  frequency  remain  the  same.  For  instance,  the  power 
factor  of  a  26-ton  single-phase  H6roult  furnace  varies  from  0.86  to 
0.96  with  a  current  frequency  of  25  cycles  and  a  voltage  of  110  volts, 
whereas  in  a  16-ton  three-phase  furnace  the  power  factor  is  0.70  to 
0.80  with  a  current  frequency  of  26  cycles  and  a  voltage  of  90  volts. 

The  power  factor  of  the  combination  induction  furnace  varies  from 
0.60  in  an  8  to  10  ton  furnace,  single-phase,  frequency  26  cycles,  to  0.70 
in  the  3-ton  furnace,  three-phase,  frequency  either  26  or  60  cycles. 
The  power  factor  of  the  1.6-ton  induction  furnace  is  about  0.6,  using 
a  current  with  a  frequency  of  15  cycles.  The  power  factor  of  indu(5- 
tion  furnaces,  owing  to  the  large  proportion  of  iron  used,  decreases 
rapidly  with  increase  in  size,  so  that  it  would  seem  that  this  might 
prevent  an  increase  in  size  over  8  to  12  tons. 

In  general  the  arc  furnace  with  the  conducting  hearth  tends  to 
have  a  slightly  lower  power  factor  than  the  arc  furnace  with  the 
upper  electrodes  in  series  and  a  nonconducting  hearth.  The  power 
factor  of  all  designs  of  commercial  electric  steel  furnaces  of  the  arc 
type  is  above  0.70  for  the  sizes  over  6  tons,  and  above  0.80  for  the 
smaller  sizes. 
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EZ.EGTBODBS. 

With  improved  methods  of  making  amorphous-carbon  electrodes 
the  electrode  consumption  of  electric  steel  furnaces  has  been  consid- 
erably reduced.  The  manufacture  of  electrodes  with  threads  for 
continuous  feeding  has  reduced  the  stumpage  loss,  which  was  for- 
merly as  much  as  50  per  cent  in  some  cases,  and  the  electrodes  are 
now  much  more  uniform  in  character.  Threaded  amorphous  carbon 
electrodes  of  foreign  manufacture  sell  for  about  2  to  3  cents  per  pound 
f .  o.  b.  at  the  maker's  plant.  Domestic  electrodes  sell  at  about  the  same 
price  but  are  not  made  threaded  for  continuous  feeding.  The  use  of 
graphite  electrodes  for  steel  furnaces  is  not  economical  because  of 
I  the  high  cost  per  pound  and  because  the  consumption  per  ton  of  steel 

I*  produced  is  almost  as  large  as  that  of  amorphous-carbon  electrodes. 

The  manufacturers  of  graphite  electrodes  claim  that  the  gain  in 
I  electrical  conductivity  offsets  the  higher  cost,  although  the  losses  by 

^  heat  conductivity  would  be  greater  unless  the  graphite  electrodes 

were  carefully  designed. 

For  melting  and  refining  cold  scrap  the  consumption  of  amorphous- 
carbon  electrodes  varies  from  15  to  50  pounds  per  ton.  The  consump- 
tion seems  to  be  considerably  higher  in  furnaces  of  the  nonconducting- 
hearth  type  with  two  electrodes  than  in  the  conducting-hearth  type 
with  one  electrode.  The  difference  is  probably  due  to  the  additional 
electrode,  for  in  conducting-hearth  furnaces  of  larger  size  having 
two  to  four  electrodes  the  consumption  per  ton  is  greater  than  in  the 
single-electrode  furnace.  In  furnaces  used  for  refining  molten  steel 
the  wear  on  the  electrodes  is  not  as  great  and  the  consumption  is 
much  lower,  being  6  to  12  pounds  per  ton. 

THE  Lumra. 

The  rate  of  wear  of  the  lining  varies  so  much  that  it  is  almost 
impossible  to  state  general  figures.  The  furnace  bottom  will  last 
200  to  400  heats  on  cold  charges  and  indefinitely  on  hot  metal.  The 
sides  are  repaired  about  every  100  heats  but  are  not  completely  torn 
out.  In  most  furnaces  the  hearth  has  a  dolomite  bottom  and  mag- 
I  nesite  brick  on  the  sides.    The  roof  is  generally  silica  brick,  and,  in 

I  an  arc  furnace,  lasts  40  to  120  heats.    In  the  arc  furnaces  operating 

under  the  best  conditions  the  roof  lasts  about  70  heats.    In  furnaces 
'  with  magnesite  hearth,  sides,  and  roof  the  lining  cost  per  ton  of 

metal  is  high.  In  some  of  the  more  recent  furnaces  the  lining  on 
the  sides  is  about  half  as  thick  as  that  formerly  used.  The  thinner 
lining  increases  the  capacity  and  does  not  seem  to  affect  the  conduc- 
tion losses  enough  to  increase  decidedly  the  power  cost  per  ton  of 
output.  The  hearth  lining  of  an  induction  furnace  lasts  about  55 
heats  and  the  roof  an  indefinite  period. 
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ESSENTIAL  PEATURES  OF  BJEFININQ  IN  AN  ELECTBIC  FCTBITACE. 

The  general  process  of  refining  steel  in  the  electric  furnace,  as  has 
been  stated,  comprises  oxidation,  followed  by  reduction  or  deoxida- 
tion.  Owing  to  the  nature  of  the  heat  supply,  it  is  possible  to  have 
the  atmosphere  oxidizing,  reducing,  or  neutral.  This  is  not  possible 
in  the  open-hearth  furnace  owing  to  the  gases  introduced  for  heating. 

The  function  of  slags «  in  refining  steel  in  electric  furnaces  is 
somewhat  different  from  that  in  refining  in  open-hearth  furnaces. 
First,  all  oxygen  introduced  into  the  electric  furnace  must  be  in  the 
solid  form,  whereas  the  open  hearth  has  an  unlimited  supply  in  the 
air  admitted.  Oxidation  can  be  conducted  in  an  ordinary  open- 
hearth  furnace  as  in  an  electric  furnace,  except  that  the  higher 
temperature  of  the  latter  hastens  the  melt  Deoxidation  in  which 
carbon  is  the  chief  agent  can  be  performed  only  in  the  electric 
furnace. 

During  the  oxidizing  period  sulphur  is  removed  only  to  a  small 
degree  in  the  open-hearth  furnace  but  much  more  eflSciently  in  the 
electric  furnace,  especially  when  manganese  ore  is  used.  It  is  likely 
that  part  of  the  sulphur  forms  sulphur  dioxide  and  passes  off  with 
the  gases.  The  phosphorus  is  eliminated  in  the  oxidizing  period, 
just  as'in  the  open-hearth  furnace. 

Sulphur  is  removed  in  four  ways:  (1)  As  calcixmi  sulphide,  formed 
by  the  action  of  lime  and  carbon  on  ferrous  sulphide  at  the  high 
temperature  of  the  arc  furnace;  (2)  as  calcium  sulphide  from  the 
reaction  of  lime,  ferrous  sulphide,  and  calcium  carbide  at  the  higher 
temperatures  of  the  arc  furnace;  (3)  as  calcimn  sulphide  through 
the  reaction  of  lime,  ferrous  sulphide,  and  silicon  at  the  lower  slagf 
temperatures  of  the  induction  furnace;  and  (4)  as  iron  sulphide 
from  the  action  of  ferrous  oxide  on  calcium  sulphide.  The  chemical 
reactions  are  a$  follows : 

(1)  FeS+CaO+C=Fe-fCaS+CO. 

(2)  3  FeS-f  2  CaO+CaC2=3  Fe+3  CaS+2  CO. 

(3)  2  FeS-f2  CaO+Si=2  Fe+2  CaS+SiO,. 

(4)  CaS+FeO=FeS+CaO. 

The  final  reaction  is  reversible,  acting  from  left  to  right  in  an  at- 
mosphere even  slightly  oxidizing,  whei'eas  the  action  is  from  right  to 
left  in  the  first  three  reactions. 

From  the  equations  it  may  be  seen  that  in  both  the  induction  and 
the  arc  furnace  the  formation  of  a  highly  basic  slag  is  essential,  but 
desulphurization  in  the  former,  owing  to  its  lower  temperature,  is 
brought  about  chiefly  by  the  reducing  action  of  silicon  upon  the 
oxides,  whereas  in  the  latter  the  reducing  agent  is  carbon  at  a  higher 
temperature. 

•Ambery,  R.,  Slags  In  electric  steel  refining :  Metall.  Chem.  Eng.,  vol.  10,  1012,  p.  601. 
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In  the  arc  furnaoe  complete  deoxidation  is  recognized  by  the  pres- 
ence of  calcium  carbide  in  the  slag.  When  deoxidation  of  the  bath 
is  complete  the  contents  of  the  electric  furnace  represent  the  near- 
est approach  to  ideal  equilibrium  between  different  chemical  com- 
pounds that  has  ever  been  accomplished  in  large  metallurgical  opera- 
tions. In  the  converter  and  the  open  hearth  the  metals  are  under  the 
action  of  air  and  gas,  in  the  crucible  the  metal  takes  up  carbon  and 
silicon,  whereas  in  the  electric  furnace  the  action  of  the  metal  on  the 
basic  lining  is  very  slight  and  there  is  no  exchange  of  elements  be- 
tween metal  and  slag,  except  that  if  the  dephosphorizing  slag  of  the 
oxidizing  period  has  not  been  completely  removed  before  deoxidiza- 
tion  begins  some  of  the  phosphorus  in  this  slag  and  some  in  the  new 
slag  will  be  reduced.  This  last  point  must  be  carefully  watched  in 
all  refining  in  the  electric  furnace. 

Although  the  induction  furnace  can  not  attain  the  high  tempera- 
ture necessary  for  desulphurizing  by  use  of  calcium  carbide  as  can  arc 
furnaces,  the  results  obtained  in  refining  practice  are  about  equal. 


COST  OF  PRODUCING  STEEIi  IN  THE  BliECTRIC 

FURNACE. 

The  cost  of  making  steel  in  the  electric  furnace  varies  with  local 
omditions.  The  cost  of  power  does  not  enter  so  largely  into  the 
final  cost  as  it  does  in  some  other  electrometallurgical  processes, 
especially  the  refining  of  molten  steel.  Plants  are  operating  success- 
fully under  a  power  cost  of  1  cent  per  kUowatt-hour  in  localities 
where  material  can  be  obtained  at  the  price  common  to  other  pro- 
cesses. Plants  such  as  the  one  at  Ugine,  France,  have  been  estab- 
lished in  remote  localities,  where  the  cost  of  power  is  very  low, 
0.2  cent  per  kilowatt-hour,  but  the  cost  of  material  is  high. 

COST  07  FBODUCINa  STEEL  IN  THE  GIBOD  FURNACE. 

Girod*  estimated  in  1912  the  cost  of  producing  steel  from  cold 
scrap  in  the  Girod  furnace  at  Ugine  as  follows: 

Cost  of  refining  iteel  from  cold  scrap  in  Oirod  fumcLce  at  Ugine. 


Item. 


Raw  nifttwials: 

Bcnp,  1,100  kg.,  at  $15  per  ton. 


Slag. 


Deoxidishig  and  recarlmrizlzig  additions 

Prodndng  cost: 

Sleotrio  power,  850  and  750  ldlow»tt-boius,at  0.2  cent  per  Icflowatt- 

hour 

Electrodes,  at  164  per  ton 

Wues 

Mamtenanoe  and  repairs 


Total  cost  per  ton  of  steel. 


2.5  to  3  ton 
furnace. 

10  to  12  ton 
furnace. 

$10.50 
.46 
.70 

t17  AA 

$16.50 
.46 
.70 
$17.66 

3.00 

.70 

.30 
1.60 

3.40 

.60 

.60 
2.40 

7  nn 

24.66 

23.26 

*  Girod,  P.,  The  electric  steel  furnace  in  foundry  practice :  Metall.  Chem.  Eng.,  vol  10, 
1912,  p.  66S. 
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Girod  estimated  the  cost  of  producing  steel  from  molten 
the  same  plant  as  follows: 

Cost  of  refining  steel  from  molten  charge  in  CHrod  furnace  at  Vgine. 


at 


Item. 


2.5  to  a  too 
furnaoe. 


UtolStm 
furnaoe. 


Raw  materials: 

Liquid  steel,  4  per  cent  loss  In  heating,  l/MO  kg.,  at  S16  per  ton 

&]t4fi 

Deozidlxing  additions 

Producing  cost: 

Electno  power,  275  and  300  kilowatt-hours,  at  0.2  cent  per  Idlowatt- 
hour 

Electrodes,  at  $64  per  ton 

Wages,  8  heats  per  24  hours 

Maintenance  and  repairs 


$10.64 
.40 
.70 


$17.75 


$16.64 
.40 
.70 


$17.78 


LIO 
.25 
.20 
.80 


2.85 


.25 
.20 
.50 


1.75 


Total  cost  per  ton  of  steel. 


20.00 


10.40 


The  estimates  of  Girod  do  not  include  expense  for  ingots,  molds, 
superintendence,  laboratory,  amortization,  general  charges,  or  royalty 
charge.  These  figures  apply  only  to  conditions  such  as  prevail  at 
Ugine,  where  power  is  very  cheap  and  the  cost  of  material  is  high. 

COST    OF   FBOBUCING   STEEL   IK   THE    GBtfNWALL   FTJBNACB» 

SHEFFIELD,  EKOLANB. 

The  Electro-Metals  Co.,  owners  of  the  Oronwall  patents,  estimated 
the  cost  of  production  in  1912  for  a  2-ton  Oronwall  furnace  operating 
at  Sheffield,  England,  as  follows : 

Coat  of  refining  steel  from  molten  charge,  Oronwall  furnace. 


Item. 


Number  of  charges  per  week 

Tons  per  week 

Costper  ton  of  steel: 

Power  at  0.5  cent  per  kilowatt-hour , 

Repair  of  roof. 


Dolomite  ( 100  pounds  per  charge) , 
Electrodes,  at  4  cents  per  pound. . 

SundriM 

Royalty 


Without  dephos- 
phorising. 


40 
80 


11.00 
.16 
.17 
.18 
.14 

1.00 


8.16 


With  dephogpihor. 


80 
00 


81.86 
.80 
.17 
.» 
.1« 
1.80 


3.80 


The  items  of  labor,  amortization,  interest,  raw  materials,  and  gen- 
eral charges  are  omitted  from  the  estimate  given  above.  The  figures 
refer  to  the  production  of  steel  with  a  sulphur  and  a  phosphorus  con- 
tent below  0.02  per  cent. 

COST   OF  FBODUCING  STZEL   IN   BfiCHLIKG-BOBEirHAUSEB  FT7B- 

KACE8. 

Kjellin"  in  1909  estimated  the  cost  of  production  of  high-grade 
steel  for  castings  at  Volklingen,  Germany.    The  cost  under  German 

•Kjellin,  F.  A.,  Induction  and  combination  furnaces:  Trans.  Am.  Electrochem.  SoCt 
vol.  15,  1900.  p.  172. 
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conditions  with  a  7-ton,  three-phase  Rochling-Bodenhauser  furnace, 
using  fluid  basic  Bessemer  steel  made  at  Volklingen,  is  estimated  by 
Kjellin*  as  follows: 

Cost  of  producing  steel  for  castings  in  a  S-phtue  Rochling-Rodenhauser  furnace,  • 

from  molten  metal. 

Cost  per 
ton  of 
Lining:  stML, 

Raw  materialfl |a304 

Wagee 043 

Heating  up  furnace: 

r  2j(m  Idlowatt-houra  at  2.17  cents  for  160  tons 272 

Refining: 

300  kilowatt-hours  per  ton  at  2.17  cents  per  kilowatt-hour 6. 52 

Wages : 425 

I  Materiab: 

I  Mill  scale,  20  kg 082 

[  Lime,  30  kg 087 

!  Fenrosilicon,  6. 6  ke 485 

I  Ferroman^anese,  Og 214 

i  Power  for  coohng  anangements 196 

f  Repaire 194 

Total 8.822 

To  this  must  be  added  interest  and  the  depreciation  of  the  plant- 
Assuming  5  per  cent  interest  and  10  per  cent  depreciation  on  $13,380, 
the  approximate  cost  of  the  plant,  gives  $2,000  per  year,  which  for 
300  working  days  would  give  41.2  cents  per  ton,  so  that  the  conver- 
sion of  the  fluid  product  from  the  basic  converter  into  steel  that  can 
replace  crucible  steel  for  steel  castings  will  cost  $9.23  per  ton  ex- 
clusive of  the  cost  of  the  molten  steel  charged.  This  cost  is  figured 
on  a  basis  of  three  men  operating  the  furnace. 

Cost  of  producing  raU  steel  in  a  $-phase  Rochling-Rodenhauser  furnace,  from 

fluid  steel. 

Cost  per 

ton  of 

product. 

Raw  materials,  steel  at  $15.54  per  ton,  and  all  fluxes $16. 56 

Power  at  0.58  cent  per  kilowatt-hour: 

Healjng  up 02 

Refining 72 

Wages: 

For  furnace 16 

For  lining .008 

Lining  materials 072 

Tools *. 097 

Repairs 194 

Amortization  and  interest 168 

Licenses 582 


Total 18.62 

This  estimate  includes  all  items.  If  the  cost  of  molten  steel  be  dis- 
regarded, the  refining  cost,  with  power  at  0.58  cent  per  kilowatt-hour, 
will  be  $3.08  per  ton. 


•  Loc  clt. 
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The  cost  of  making  casting  steel  of  the  composition  given  on  page 
105,  from  cold  scrap  in  the  Sochling-Bodenhauser  furnace,  at  Lans- 
down,  Pa.,  is  estimated  by  the  Crucible  Steel  Casting  Co.,*  as  follows: 

Cost  of  producing  steel  from  cold  scrap  in  the  Bochling-Rodenhauscr  Furnace 

at  Lansdowne,  Pa, 

Cost  per  long  too 
of  product. 

Scrap $14. 60 

Oxidation  loi«,  about  2  per  cent 29 

$14. 79 

Power,  844  kilowatt-hours  at  0.7  cent  per  kilowatt-hour 5. 91 

Fluxes 76 

Ore 05 

Labor : 1. 50 

Tools,  repairs,  and  bottom 76 

Air-cooling  transformers 12 

Conversion  cost 9. 10 

Interest,  5  per  cent;  depredation,  10  per  cent  per  ton 1.50 

Cost  of  1  gross  ton  (2,240  pounds)  electric  steel  ready  to  pour 25. 39 

PROPERTIES  OF  ELECTRIC -FURNACE  STEEIj. 

For  many  years  all  high-grade  steels  were  manufactured  by  the 
crucible  process,  but  since  the  advent  of  the  electric  furnace  there 
has  been  a  gradual  adoption  of  that  furnace  for  refining  steel.  For 
the  complete  refining  of  the  highest  grades  of  steel  the  use  of  the 
electric  furnace  is  now  thoroughly  established  in  Europe.  Any 
product  that  can  be  made  by  the  crucible  process  can  be  made  by 
the  electric  furnace,  and  in  most  cases  with  cheaper  raw  materials 
and  at  a  lower  cost.  In  the  electric  furnace  complex  alloy  steels  can 
be  made  with  precision.  The  high  temperatures  attainable  facili- 
tate the  reactions  and  alloys  need  not  be  used  so  largely  for  the  pur- 
pose of  removing  gas.  Very  low  carbon  steels  can  be  kept  fluid  at 
the  high  temperatures.  Steels  free  from  impurities  and  of  great 
value  for  electrical  apparatus  can  be  made.  With  the  electric  fur- 
nace large  castings  can  be  made  from  one  furnace,  whereas  in  the 
crucible  process  steel  from  several  crucibles  must  be  used.  For  small 
castings,  which  require  a  very  high  grade  metal  free  from  slags  and 
oxides,  electrically  refined  steel  is  especially  adapted.  The  electric 
furnace  gives  a  metal  of  low  or  high  carbon  content  as  desired,  hot 
enough  to  pour  into  thin  molds  and  still  free  from  slags  and  gasea 

There  is  now  a  tendency  among  consumers  of  rail  and  structural 
steel  to  require  a  higher-grade  steel  at  an  increased  price  rather  than 
steel  of  acid  Bessemer  or  even  of  basic  open-hearth  grade  at  a  lower 
price.    With  the  high  cost  of  power  that  now  prevails  throughout" 
the  steel  centers  of  the  United  States  the  electric  furnace  can  not 


•  Von  Baur,  C.  H..  "  The  ROchling-Rodenhauffer  furnace  of  the  Crucible  8te$l  Cuttiif 
Co.,  Lansdowne,  Pa, :  Metall.  Chem.  En^.,  vol.  11,  1913,  p.  113, 
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compete  profitably  with  either  the  acid  Bessemer  or  the  basic  open- 
hearth  process  in  manufacturing  steel  of  like  grade  from  pig  iron* 
It  is  in  combination  with  either  of  these  processes  that  the  electric 
furnace  seems  destined  to  be  prominent  in  steel  manufacture.  The 
cost  of  superrefining  in  the  electric  furnace  the  molten  steel  from 
either  of  these  processes,  exclusive  of  the  cost  of  the  molten  steel, 
varies  from  $1.50  to  $2,26  per  ton,  depending  on  the  cost  of  power 
and  the  impurities  to  be  removed. 

Experiments  conducted  by  the  United  States  Steel  Corporation* 
during  the  past  four  years  show  that^  as  compared  with  the  acid 
Bessemer  and  basic  open-hearth  processes,  the  electric  process  has  the 
following  advantages :  A  more  complete  removal  of  oxygon ;  the  ab- 
sence of  oxides  caused  by  the  addition  of  silicon,  manganese,  etc.; 
tile  production  of  steel  ingots  of  8  tons  weight  and  smaller  that  are 
practically  free  from  segregation;  reduction  of  the  sulphur  content 
to  0.005  per  cent  if  desired ;  reduction  of  the  phosphorus  content  to 
0.005  per  cent,  as  in  the  basic  open-hearth  process,  but  with  complete 
removal  of  oxygen. 

Acid  Bessemer  steel  has  been  refined  in  the  basic  electric  furnace, 
yielding  steel  of  the  following  composition:  Carbon,  0.55  per  cent; 
manganese,  0.137  per  cent;  silicon,  0.13  per  cent;  sulphur,  0.017  per 
cent ;  and  phosphorus,  0.022  per  cent.  Bails  made  from  this  steel  are 
comparatively  soft,  but  show  less  wear  than  Bessemer  rails  in  the 
same  track  and  subjected  to  the  same  service.  About  5,600  tons  of 
standard  electric  steel  rails  from  electric-furnace  steel  have  been  in 
service  in  the  United  States  for  the  past  two  years.  These  rails  have 
been  subjected  to  all  sorts  of  weather  and  to  temperatures  as  low 
as  —52^  F.  It  seems  that  rails  made  by  the  basic  electric  process 
can  be  made  softer  than  by  either  the  acid  Bessemer  or  basic  open- 
hearth  processes  and  yet  show  highly  satisfactory  wearing  qualitie& 

No  steel  rails  made  by  the  basic  electric  process  in  service  in  this 
country  have  yet  broken.  Electric-furnace  steel  of  a  given  tensile 
strength  has  a  slightly  greater  elongation  than  basic  open-hearth  steel 
and  is  somewhat  denser  tiian  basic  open-hearth  or  acid  Bessemer 
steel. 

Below  are  given  the  averages  of  some  comparative  tests  of  rails 
from  steel  made  in  a  Bochling-Bodenhauser  furnace  and  Bessemer 
rails.  The  tests  were  made  at  VoIUingen,  Germany,  f  cmt  the  Fmssian 
State  Bailway. 

«  Clark,  IB.  B,,  Vailoos  types  and  appUcatloDa  of  electric  steel  furnaces :  MetalL  Cbem. 
Bog.,  vol.  10,  1912,  p.  378. 
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Comportoofi'  of  steei  rM9  made  in  R6iMing'UadenkaM9er  furnace  with  hoHo 

Bessemer  ste^  nMs. 


Kind  of  steel. 

Carbon. 

Snioon. 

Manga, 
nese. 

Phoa- 
phoraa. 

Solpfaiir. 

TenaHe 
atrcngtli 

per 
aquara 

inch. 

Elooga- 
tioo. 

Cootiao- 

tlOB. 

Electric 

0.54 
.36 

Pgreent, 

0.31 

PttcefU. 
0.984 
1.127 

PertftM. 

0.056 
.073 

PtrctnU. 
0.043 

119,060 
9^660 

Percent, 
15.4 
17.6 

Percent. 
34.1 

BfilKHMllW. 

26.2 

The  results  of  some  comparative  tests,  made  at  South  Chicago,  of 
electric-furnace  steel  for  plates  and  basic  op^i-hearth  steel  for  plates 
were  as  follows: 

Average  ultimate  strength  and  eUmgatUm  of  etectrio  and  open-hearth  pkKte 

steels.^ 


Electric. 

Opon-hearth. 

Carbon 
content. 

Ultimate 

strength 

persqnaie 

Elonga- 
tion on  3 
Inohea. 

Carbon 
content. 

Ultimata 
strength 

Blonga- 

tlooon3 

inches. 

Percent. 
0.08 
.13 
.16 
.30 
.34 

Ponnit. 
59,194 
64,080 
09,230 
73,853 
69,540 

Percent. 
27.25 
26.06 
25.25 
22.82 
23.12 

Percent. 
aOB 
.12 
.16 
.20 
.24 

Ponnie. 
51,690 
56,510 
52,901 
58,294 
63,560 

Percent. 

S-ffi 

29.70 
38.61 
28.83 
36.25 

•  Osbone,  O.  C,  Tha  15-ton  B^rralt  ftmiaoa  at  the  South  Ohioago  woiks  of  tha  Illinois  Steel  Ca: 
Am.  Slectrochem.  Soo.,  vol.  19, 1911,  p.  221. 

The  results  show  a  15.6  per  cent  increase  in  ultimate  strength  and 
11.8  per  cent  decrease  in  elongation  for  electric  steel,  as  compared 
wit^  open-hearth  plate  steel  of  approximately  the  same  chemical 
composition. 
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SUGGESTIONS  FOR  A  DUPLEX  PROCESS  FOR  MAKING 

STEEL. 

Inasmuch  as  greater  capacity  and  efficiency  can  probably  be  ob- 
tained by  working  an  open-hearth  furnace  and  an  electric  furnace 
in  conjunction,  the  following  description  and  the  costs  of  working 
a  6-ton  tilting  basic  open-hearth  furnace  and  a  2i-ton  electric  fur- 
nace in  this  manner,  as  obtained  from  data  furnished  by  Electro- 
Metals,  Ltd.,  of  London,  England,  are  submitted  here. 

Although  a  5-ton  open-hearth  furnace  is  rather  small  for  keeping 
a  2i-ton  electric  furnace  working  at  full  capacity,  yet  the  following 
method  of  procedure  would  give  the  maximum  efficiency  with  the 
given  plant,  and  serves  to  illustrate  the  point. 

The  open-hearth  furnace  should  be  charged  at  the  beginning  of  the 
week,  say  at  12  p.  m.  Sunday.  The  charge  under  the  special  circum- 
stances will  consist  of  4  tons  of  scrap  and  1^  tons  of  pig  iron,  with 
the  usual  fluxes.  This  being  the  first  charge,  it  will  probably  be 
ready  to  tap  into  the  electric  furnace  at  6  a^  m.  Previous  to  this  time 
the  electric  furnace  has  been  heated  with  coke  and  with  current  and 
is  ready  to  take  a  charge  of  hot  metal. 

At  6  a.  m.  2^  tons  of  partly  refined  metal  are  drawn  from  the  open- 
hearth  furnace  and  put  in  the  electric  furnace.  The  open-hearth 
furnace  is  then  recharged  by  putting  pig  and  scrap  on  the  banks  and 
slopes  of  the  furnace  and  allowing  the  cold  material  to  come  to  almost 
a  fusing  temperature.  Then,  when  the  new  material  is  hot  enough 
it  should  be  pushed  into  the  bath  and  worked  in  the  usual  manner. 
The  metal  should  be  fit  to  tap  in  three  to  four  hours. 

Meanwhile  it  has  taken  about  one  hour  to  heat  the  crude  fluid  metal 
and  to  dephosphorize  it,  two  hours  more  being  taken  to  desulphurize 
the  charge,  so  that  by  9  a.  m.  it  would  be  ready  to  tap,  and  by  9.15 
the  electric  furnace  would  be  ready  to  take  another  charge. 

It  is  quite  possible  that  the  open-hearth  furnace  may  not  be  ready 
for  another  hour  or  more.  If  this  be  the  case,  about  1  ton  of  cold 
scrap  may  be  charged  into  the  electric  furnace  and  melted,  by  which 
time  the  open-hearth  furnace  will  be  ready  to  tap.  This  time  it  will 
be  necessary  to  tap  only  li  tons  of  metal  into  the  electric  furnace. 
Owing  to  the  small  recharge  in  the  open-hearth  furnace  the  charge 
will  be  completely  melted  and  perhaps  partly  refined  by  the  time  the 
electric  furnace  has  finished  its  work.  The  electric  furnace  then 
being  ready  again  at,  say,  12.30,  a  2|-ton  charge  of  very  hot  refined 
metal  will  be  tapped  into  it  immediately,  with  no  waste  of  time. 
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This  method  of  assisting  the  open-hearth  furnace  can  be  carried 
out  when  necessary ;  perhaps  at  every  alternate  charge.  One  will  see 
that  the  process  presents  these  advantages : 

The  ton  of  scrap  melted  in  the  electric  furnace  will  not  need  any 
pig  iron  to  accompany  it,  as  would  be  the  case  in  the  open-hearth 
furnace.  That  means  that  one-fourth  ton  of  pig  iron  at  $45  per  ton 
is  replaced  by  one-fourth  ton  of  scrap  at  $5  per  ton.  Here  is  a  clear 
saving  of  $10,  which  will  pay  for  melting  the  ton  of  metal  in  the  elec- 
tric furnace  many  times  over. 

Although  an  "  assisted  "  charge  will  take,  say,  3^  hours  to  work, 
the  resulting  gain  of  time  for  the  open-hearth  furnace  will  reduce  the 
time  of  the  succeeding  electric-furnace  charge  to  less  than  2^  hours 
and  may  even  eliminate  the  dephosphorizing  period  in  the  electric 
furnace  and  thus  reduce  the  time  taken  there  to  2  hours. 

The  output  by  this  method  will  be  as  follows: 

One  charge  of  2^  tons  could  be  run  every  8^  hours,  making  7 
charges  in  24  hours,  or  42  casts  per  week  of  6  days.  This  makes  a 
weekly  production  of  105  tons,  or  a  yearly  production  of  5,040  tons, 
allowing  48  weeks  per  year. 

The  cost  of  the  process  would  be  as  follows : 

Cost  of  producing  steel  by  dupleas  process. 

Cost  per  ton. 
Average  power  consumption,  420  kllowatt-houra,  at  1.3  cents  per  kilowatt- 

liour $5.46 

EJlectrodes .  56 

Slaw* . .62 

Bepairs  to  roof  and  lining .68 

Labor,  3  men  each  shift .87 

8.17 

* 

It  should  be  noted  that  there  is  a  saving  of  $2  on  every  ton  passing 
through  the  electric  furnace  by  this  method,  owing  to  the  use  of 
scrap  instead  of  pig  iron. 

DUPLEX  FBOGESS  FOB  LABGEB  rtTBKAOB. 

If  the  capacity  of  the  open-hearth  furnace  be  increased  from  5 
tons  to,  say,  7^  tons,  then  it  may  be  found  that  the  following  method 
of  increasing  the  output  can  be  employed. 

The  open-hearth  furnace  should  be  charged  with,  say,  8  terns  of 
scrap  and  pig  iron.  The  phosphorus  is  then  reduced  to  the  proper 
limit,  after  which  a  2i-ton  charge  can  be  transferred  to  the  electric 
furnace  for  completion  of  the  process.  The  electric  furnace  will  be 
ready  again  in  2  hours  for  another  charge. 

It  should  be  quite  possible  to  recharge  the  open-hearth  furnace  and 
have  the  bath  dephosphorized  again  by  the  time  the  charge  in  the 
electric  furnace  is  finished.  In  this  way  a  charge  should  be  ready 
every  2  to  2^  hours. 
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The  output  will  be  as  follows : 

One  charge  of  2  tons  could  be  run  every  2  hours,  making  12  charges 
in  24  hours,  or  72  casts  per  week  of  6  days.  Therefore  130  to  140  tons 
would  be  produced  in  one  week,  or  6,200  to  6,700  tons  in  a  year,  allow- 
ing 48  working  weeks  to  a  year. 

The  cost  of  producing  steel  by  this  method  would  be  as  follows : 

Cost  of  producing  steel  in  dupleso  process,  using  1\'ton  furnace. 

Per  ton 
of  product. 

Power  congnmption.  900  kilowatt-houra  oer  ton,  at  .1.3  cent  per  kilowatt- 
hour $3.90 

Mectrodes .50 

Slags .  37 

Repairs  to  roof  and  lining .56 

Labor,  3  men  each  shift .  75 


6.08 


COST  OP  OFEBATIKO  AN  SLBCTBIC  PTTBNACB  ALONK 

For  comparison  with  the  foregoing  schemes,  the  following  figures 
for  making  steel  in  the  electric  furnace  alone  are  given : 

In  a  2^-ton  electric  furnace  1  cast  can  be  made  in  6  hours^  or  4 
casts  in  a  day,  making  an  output  of  24  casts,  or  60  tons  per  week.  On 
a  basis  of  48  working  weeks  in  a  year,  the  yearly  output  will  be  48 
times  60,  or  2,880  tons. 

The  cost  of  producing  steel  in  the  simple  electric  process  would 
be  as  follows : 

Cost  of  producing  steel  in  2\''ton  electric  furnace. 

Cost  per  ton. 

Power,  950  kilowatt-hours  per  ton,  at  1.3  cents  per  kilowatt-hour $12. 36 

Electrodes  «_: . ',. .  87 

Slags ,        .62 

Repairs,  roof,  lining,  and  dolomite .87 

Labor,  8  men  per  shift 1.50 


16.21 


Although  the  cost  of  operation  is  greater  than  that  of  the  open- 
hearth,  the  cost  per  ton  of  the  metal  charged  in  the  electric  furnace 
is  much  less  than  that  used  in  the  open-hearth  furnace,  and  this 
saving  in  cost  should  more  than  counterbalance  the  extra  cost  of 
working  the  electric  furnace,  not  to  mention  the  increased  quality  of 
the  product. 

A  5-ton  electric  furnace  used  for  melting  and  refining  would  turn 
out  1  charge  of  5  tons  in  6  hours,  or  4  casts  in  24  hours.  Twenty- 
four  casts  of  5  tons  each,  or  120  tons,  would  be  produced  in  one  week 
of  SIX  working  days.  The  yearly  production  would  be  5,760  tons, 
allowing  48  working  weeks  to  a  year. 
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ELECTRIC  SWITCHES  FOR  USE  IN  GASEOUS  MINES. 


By  H.  H.  Clask  and  B.  W.  Crockbb. 


IVTBODTJOnOV. 

The  purpose  of  the  investigation  discussed  in  this  bulletin,  one  of 
a  series  dealing  with  the  use  of  electricity  in  mines,  was  to  study  the 
various  means  and  methods  used  to  confine  the  flashes  that  occur 
when  a  switch  carrying  electric  current  is  opened.  The  flash  result- 
ing from  the  opening  of  a  250-volt  direct-current  circuit  carrying  more 
than  half  an  ampere  will  ignite  explosive  mixtures  of  mine  gas  and 
air.  An  equally  dangerous  flash  may  be  produced  by  even  less  cur- 
rent from  a  500-volt  circuit.  Few  mine  electric  circuits  carry  less 
than  half  an  ampere  when  in  use.  The  need  of  protecting  the  switches 
of  such  circuits  in  places  where  gas  is  likely  to  be  present  is  therefore 
obvious. 

Two  general  methods  have  been  proposed  for  preventing  switching 
flashes  from  igniting  gas  surrounding  the  switch.  One  method  is  to 
inclose  the  switch  in  a  casing  provided  with  openings  that  are  covered 
with  wire  gauze  or  otherwise  designed  and  equipped  for  preventing 
the  passage  of  flames  from  the  interior  to  the  exterior  of  the  switch 
casing.  Switches  so  protected  are  called  explosion-proof  switches. 
The  second  method  is  to  immerse  the  switch  contacts  in  oil  to  a  depth 
sufficient  to  quench  any  flash  that  may  occur  when  the  switch  is 
operated.    Switches  so  protected  are  called  oil  switches. 

The  success  of  the  first  method  of  protection  depends  upon  the 
proper  design  and  construction  of  the  switch  casing.  It  is  essential 
to  the  successful  operation  of  the  second  method  that  the  switch 
contacts  be  surrounded  by  the  proper  kind  of  oil  in  good  condition. 
There  are  several  ways  in  which  an  oil  switch  may  be  deprived  of  its 
protective  feature.  The  oil  tank  may  not  be  filled  or,  if  filled,  the  oil 
niay  leak  out  or  be  spilled.  The  oil  tank  may  be  removed  (in  some 
designs)  and  not  replaced  or  through  neglect  the  condition  of  the  oil 
niay  become  such  that  it  is  no  longer  an  efficient  protection.  While 
such  contingencies  are  not  likely  to  occur,  and  although  oil  switches 
inay  be  so  designed  that  the  loss  of  oil  is  not  probable,  nevertheless, 
as  compared  with  oil  switches,  explosion-proof  switches  seem  to 
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possess  a  greater  element  of  safety  because  their  protective  features 
are  inherent  in  their  construction,  and  for  that  reason  are  not  likely, 
when  needed,  to  be  missing  or  impaired  if  the  mechanical  construction 
of  the  switches  is  sufficiently  durable.  Moreover,  switches  of  the 
explosion-proof  type  can  be  so  designed  that  the  condition  of  their 
protective  features  may  be  readily  observed  each  time  that  the 
switches  are  operated. 

PBELHONABT  NATUBE  OF  THE   INVESTIGATION. 

The  investigation  described  in  this  bulletin  was  preliminary  in 
nature  and  was  undertaken  principally  to  obtain  information  upon 
which  to  base  future  tests  of  a  similar  character.  It  was  not  the 
intention  of  the  Bureau  of  Mines  to  approve  any  of  the  switches 
tested.  The  demand  in  this  country  for  switches  especially  de- 
signed for  mine  service  has  not  in  the  past  been  sufficiently  great  to 
interest  manufacturers  in  the  development  of  such  switches.  Con- 
sequently it  is  not  surprising  that  only  one  of  the  switches  submit- 
ted to  the  bureau  for  test  appeared  to  be  a  practical  design  for 
general  mine  use. 

OLAS8IFIOATIOK  OF  SWITGHBS  TESTED. 

Mine  switches  may  be  divided  into  two  classes  according  to  their 
use.  One  class  pf  switches  may  be  coimected  permanently  in  circuit 
so  that  there  is  no  chance  for  arcs  to  be  formed  by  disconnecting  the 
leads.  The  other  class  may  be  used  under  circimistances  where  it  is 
necessary  constantly  to  remove  and  replace  the  leads.  In  such  cases 
the  leads  are  not  permanently  connected  and  arcs  maj  be  formed  by 
removing  the  leads  while  the  switch  is  carrying  load.  This  fact  has 
led  to  the  design  of  a  type  of  switch  in  which  the  leads  are  so  inter- 
locked with  the  switch  contacts  that  the  leads  can  not  be  removed  or 
replaced  while  the  switch  is  closed. 

The  switches  submitted  for  test  were,  for  the  purpose  of  this  inves- 
tigation, divided  into  two  general  types  according  to  the  construction 
of  the  switch  and  the  character  of  the  protective  features.  Each 
type  was  subdivided  into  two  classes  depending  upon  the  manner  in 
which  the  switch  was  designed  to  be  connected  into  service,  as 
follows: 

Claasificatum  of  the  switches  tested. 

Type  X,  protected  by  explofiion-proof  devices. 

Glass  D,  leads  detachable. 

Glass  P,  leads  permanently  connected. 
Type  O,  protected  by  submerging  the  contacts  in  oil. 

Glass  D,  leads  detachable. 

Glass  P,  leads  permanently  connected. 


GENEBAL  CHABAGTEB  OF  TESTS. 


Eight  switches  were  submitted  for  test.  The  table  following 
shows  the  number  and  classification  of  the  switches  and  gives  a 
symbol  by  which  each  switch  is  designated  in  this  report: 

Number  and  designation  of  smithes  tested. 


Number  of 

switches 

submitted. 

Type. 

Class. 

Designation  symboL 

1 
1 
2 
4 

X 
X 

o 

0 

D 
P 
D 
P 

XDl 

XPl 

ODl  and  OD2 

OPl,  0P2,  0P3,  and  OP4 

GENERAL  CHABACTEB.  OF  TESTS. 

The  teste  were  originally  intended  to  cover  only  type  X  switches 
which,  in  any  size  and  capacity,  could  be  tested  without  enlarging  the 
generating  equipment  of  the  bureau.  It  seemed  to  be  a  foregone 
conclusion  that  type  O  switches  would  not  ignite  gas  if  the  oil  tank 
of  the  switch  were  properly  filled  with  the  proper  kind  of  oil,  unless 
the  switches  were  opened  under  short-circuit  conditions  while  con- 
nected directly  across  the  terminals  of  a  much  larger  generator^  than 
was  at  the  disposal  of  the  bureau.  Such  a  condition  as  last  motioned 
does  not  usually  exist  ia  the  gaseous  parte  of  coal  mines  and  therefore 
oil  switches  would  not  have  been  included  in  this  investigation  had 
it  not  been  that  most  manufacturers  had  nothing  else  to  offer  and 
earnestly  requested  that  teste  of  oil  switches  be  made.  The  avail- 
able facilities  of  the  bureau  limited  the  capacity  of  the  switches 
examined  to  100  amperes  and  225  volte. 

METHOD   OF  TESTING  TYPE   X   SWTTCHES. 

Type  X  switches  were  tested  by  operating  them  under  load  while 
the  switch  casings  were  filled  and  surrounded  by  explosive  mixtures 
of  gas  and  air.  The  flash  paused  by  the  operation  of  the  switch 
invariably  ignited  the  gaseous  mixture  contained  within  the  switch 
casmg,  and  the  protective  devices  with  which  the  switches  were 
equipped  were  supposed  to  extinguish  the  resultant  flames  before 
they  could  issue  from  the  casing  of  the  switch  and  ignite  the  gas 
surroimdiQg  it. 

METHOD  OF  TESTING  TYPE   O  SWITCHES. 

Type  O  switches  were  tested  by  operating  them  under  load  while 
the  switch  casings  were  filled  and  surrounded  by  explosive  mixtures 
of  gas  and  air.  No  ignition  of  gas  took  place  as  long  as  oil  covered 
the  switch  contacte  to  the  depth  specified  by  the  manufacturers. 

a  The  capacity  of  the  generator  used  in  the  testa  was  200  kw.  at  225  volts. 
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The  facts  determined  bv  the  test  were  therefore  the  extent  to  which 
the  oil  level  of  the  various  switches  could  be  reduced  by  operation 
under  load.  The  tendency  of  the  oil  to  evaporate  was  determined 
by  placing  the  switches  in  an  inclosure  where  comparatively  high 
temperatures  were  maintained  for  several  weeks. 

KIND  OF  GAS  USED. 

The  natural  gas  supplied  to  the  city  of  Pittsbui^h  was  used  in  all 
tests.  Its  average  composition  at  the  time  of  the  tests  was  approxi- 
mately as  follows:  83.1  per  cent  methane  or  marsh  gas,  16.0  per  cent 
ethane,  0.9  per  cent  nitrogen,  and  a  trace  of  carbon  dioxide.  The 
Jberm  "gas"  wherever  used  in  this  report  refers  to  this  natural  gas. 
The  most  explosive  mixture  of  such  gas  and  air  was  determined  to  be 
one  combined  in  the  proportion  of  8.6:  91.4.« 

TESTING  EQUIFHENT. 

The  equipment  used  in  the  tests  included  the  following: 

A  gas-tight  gallery  or  inclosure  in  which  the  switches  were  tested. 
This  gallery  was  provided  with  a  fan  and  accessory  piping. 

A  device  for  determining  the  percentage  of  gas  in  the  mixture. 

A  pressure  indicator  attached  to  the  casings  of  type  X  switches  to 
record  the  pressiire  developed  therein  by  the  explosion. 

A  rheostat  for  loading  the  switches  with  the  proper  current. 

A  system  of  piping  and  valves  connecting  the  casings  of  type  X 
switches  with  the  fan  intake  for  the  purpose  of  filling  the  switch 
casings  with  the  gaseous  mixture  that  surrounded  them. 

MechjEuiisms  for  automatically  operating  the  oil  switches. 

A  small  house  in  which  the  switches  were  moimted  for  the  evapo- 
ration test. 

TESTING   GALLERY. 

The  gallery  in  which  the  switches  were  tested  was  a  boiler-plate 
cylinder,  10  feet  in  diameter  and  30  feef  long,  set  horizontally  upon 
a  concrete  foundation.  Seven  feet«from  each  end  the  cylinder  was 
stopped  off  with  diaphragms  of  heavy  manila  paper  reinforced  with 
cheesecloth  and  painted  with  one  coat  of  white  lead  and  oil  to  make 
them  gas  tight.  A  manhole  cut  in  the  side  of  the  gallery  between 
the  diaphragms  made  entrance  possible  without  disturbing  the  paper 
stoppings.  An  exhaust  fan,  driven  by  an  electric  motor,  was  con- 
nected to  the  gallery  from  the  outside  for  mixing  and  circulating 
the  gas  and  air.  The  capacity  of  the  fan,  as  connected,  was  about 
1,000  cubic  feet  a  minute.  The  gas-feed  connection  was  made 
through  a  gas  meter  to  the  fan  intake. 

a  Tests  by  G.  A.  BuitbII,  chemtet,  Btiroaa  of  MIdqs. 
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GAS-PERCENTAGE   INDICATOR. 

A  special  instrument  was  developed  to  indicate  directly  the  per- 
centage of  gas  in  the  testing  mixture.  This  instrument,  which  is 
described  in  detail  in  Bureau  of  Mines  Bulletin  46,*  showed,  without 
delay,  when  the  gaseous  mixture  passing  through  the  fan  contained 
the  proper  percentage  of  gas,  and  was  especially  helpfid .  in  deter- 
mining whether  or  not  the  casings  of  type  X  switches  had  become 
filled  with  the  gaseous  mixture. 

RECORDING  PRESSURE   INDICATOR. 

An  indicator  of  the  type  used  in  taking  cards  on  gas  engines  was 
connected  to  the  casings  of  the  type  X  switches.  The  spring  of  the 
indicator  was  wound  by  turning  the  drum  and  was  held  in  tension 
by  a  ratchet,  which  was  released  by  an  electromagnet  at  the  same 
time  that  the  igniting  spark  was  applied.  By  this  arrangement  a 
curve  was  obtained  that  resembled  half  of  an  indicator  diagram  taken 
on  an  engine. 

LOADING  RHEOSTAT. 

■ 

The  loading  rheostat  consisted  of  cast-iron  grids  connected  to  a 
suitable  controller,  which  was  provided  with  means  for  automatic 
operation  if  desired. 

GAS  PIPES   AND   VALVES. 

The  casings  of  type  X  switches  were  connected  to  the  intake  of 
the  fan  by  l^-inch  pipe  provided  with  quick-acting  valves  that  were 
held  closed  by  a  spring  and  opened  by  pulling  a  cord  which  was 
attached  to  the  valve  handle  and  was  led  to  a  point  outside  the  gallery. 
Just  before  igniting  the  explosive  mixture  within  the  switch  casing 
the  observer  closed  these  valves  so  that  the  only  opening  in  the 
casings  was  through  the  protective  devices. 

MECHANISM  FOR  OPERATING  THE   OIL   SWITCHES. 

The  mechanism  for  operating  the  oil  switches  consisted  of  a  small, 
entirely  inclosed  motor,  connected  by  gears  to  a  system  of  levers 
that  operated  the  nonautomatic  type  O  switches  in  much  the  same 
way  that  they  would  be  normally  operated  by  hand.  The  number* 
of  operations  was  recorded  automatically  by  a  revolution  counter 
attached  to  the  operating  mechanism. 

The  same  mechanism,  in  connection  with  a  cylinder  and  piston 
operated  by  air  pressure,  was  used  to  connect  the  automatic  type  O 
switch  to  the  power  supply  and  to  reset  the  switch  after  the  rush  of 
current  had  caused  it  to  operate. 

a  Clark,  H.  H.,  An  Investigation  of  explosion-proof  motors:  Bull.  46,  Bareau  of  Mines,  1913,  p.  12. 
5037**— BuU.  68—13 2 
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ETAFOBATION   HOUSE. 

The  teste  to  detenniae  the  effect  of  evaporation  upon  the  oil  level 
of  type  O  switches  were  conducted  in  a  small  house  provided  with 
electric  heaters.  The  house  was  about  5  feet  wide,  5  feet  6  inches 
long,  and  7  feet  6  inches  high  inside.  The  air  in  this  house  was  com- 
pletely changed  about  three  times  an  hour  by  natural  ventilation. 

SWITCH  ^Dl. 

DBBOBIFTION. 

Switch  XDl  was  a  200-ampere,  250-volt,  double-pole,  sbgle- 
throw,  slow-break,  knife  switch,  mounted  in  a  cast-iron  casing  com- 
posed of  two  parts  hinged 
together.  The  details  of 
construction  are  shown  in 
Plat«  I,  A  and  B.  The 
switch  blades  consisted  of 
National  Electric  Code  in- 
closed fuses  mounted  on  a 
swinging  yoke.  The  switch 
was  operated  by  a  handle, 
a,  pinned  to  a  stud,  h,  that 
passed  through  the  casing 
and  constituted  one  of  the 
pivots  of  the  swinging  yoke 
(PI.  I,  A).  Leads  from  the 
source  of  current  entered 
the  casing  through  gas-tight 
bushings,  j,  and  were  cou- 
nected  to  the  tenmnals,  t 
(PI.  I,  B).  The  connection  to  the  load  was  made  by  inserting  an 
attachment  plug,  e,  into  the  receptacle,  c  (PI.  I,  B). 

In  order  to  prevent  the  improper  operation  of  the  switch,  the 
switch  blades,  the  attachment  plug,  and  the  two  parts  of  the  casing 
were  interlocked  so  that  it  was  impossible  to  manipulate  the  switch 
when  the  casing  was  open,  to  open  the  casing  when  the  switch  was 
closed,  to  close  the  switch  before  the  attachment  plug  was  in  posi- 
tion, or  to  remove  the  attachment  plug  when  the  switch  was  closed. 
The  switch  was  equipped  with  three  protective  devices  in  the  form 
of  conical  discharge  tubes,  or  nozzles,  each  of  which  was  provided 
with  four  disks  of  perforated  metal,  assembled  as  shown  in  figuie  1. 
Tlie  devices  were  attached  to  the  casing,  as  shown  in  Plate  I,  A, 
and  furnished  a  total  relief  area  of  0.356  square  inch.  The  unoccu- 
pied q>ace  within  the  switch  casing  was  estimated  to  be  0.46  cubic 
foot. 


^ 


I,  FRONT  VIEW.  INTERIOR. 


I,  RE*OV  FOR  TEST. 


SWITCH  XDL 
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METHOD  OF  FBOCEDUBE. 

The  switch  was  set  up  in  the  testing  gallery  and  connections  of 
l^inch  pipe  were  made  from  two  opposite  points  in  the  switch  casing 
(PI.  1,  C)  to  the  intake  of  the  fan.  Quick-acting  valves  were  placed 
in  the  piping  next  to  the  casing  so  that  it  could  be  isolated  from  the 
fan  piping  before  the  gaseous  mixture  within  the  casing  was  ignited. 
With  these  valves  open,  the  action  of  the  fan  created  a  partial  vacuum 
in  the  casing,  which  was  soon  filled  with  gas  drawn  in  through  the 
openings  of  the  protective  devices. 

The  valves  were  so  arranged  that  they  could  be  operated  from 
outside  the  gallery  by  means  of  a  cord.  The  switch,  in  series  with 
the  loading  rheostat,  was  connected  to  a  source  of  direct  current  and 
a  cord  was  provided  for  operating  the  switch  from  outside  the  gallery, 
so  that  the  gaseous  mixtiu*e  within  the  switch  casing  might  be  ignited 
by  the  flash  drawn  when  the  switch  was  operated  under  load.  Some 
of  the  tests  were  made  in  this  manner,  but  in  most  of  them  a  spark 
plug,  h  (PL  I,  B)  was  used  for  ignition  purposes. 

In  making  a  test  a  card  was  placed  on  die  drum  of  the  recording 
pressure  indicator,  the  quick-acting  valves  were  opened,  the  testing 
gallery  was  closed,  and  the  fan  was  started.  The  gallery  was  then 
filled  with  a  properly  proportioned  mixture  of  gas  and  air.  The 
gaseous  mixture  was  then  drawn  through  the  switch  casing  by  means 
of  the  fan  until  the  gas  percentage  indicator  showed  that  the  casing 
was  filled.  All  valves  were  then  closed  and  the  explosive  mixture 
in  the  casing  ignited.  Observations  of  the  phenomena  accompany- 
ing the  ignition  were  made  and  recorded.  The  maximum  pressure 
developed  in  the  casing  by  the  explosion  was  determined  by  apply- 
ing the  proper  scale  to  the  curve  on  the  indicator  card.  The  gallery 
and  switch  casing  were  thoroughly  aired  before  making  another  test. 

RESULTS  OF  TEST. 

Only  a  few  tests  were  made  on  switch  XDl  because  the  results 
obtained  were  so  conclusive  that  nothing  was  to  be  gained  by  making 
more  tests.    Results  of  the  tests  are  shown  in  the  table  following: 

Tabls  1. — ConditionB  and  rewJU  of  tuts. 


Test 

Cbaracter 

CoDdltioD  of  proteo- 

IfaTtannm 

Puno- 

No. 

ofigiiition.a 

tiye  devices. 

-preHnre. 

tore.* 

Pounds  per 

Mvorelnek. 

1 

B.P. 

All  open. 

DO. 

14.6 

No. 

2 

Sw.lOO 

20.6 

Yes. 

3 

8.  P. 

Do. 

15.25 

No. 

4 

8.  P. 

Do. 

15.0 

No. 

5 

8.  P. 

Do. 

14.6 

No. 

6 

8.  P. 

Do. 

15.0 

Yes. 

7 

• 

Sw.  23.2 

One  lower  plugged. 

23.2 

Yes. 

.  ^.  Jie  sake  of  slmpUcttT  tae  term  "panctare"  lias  been  applied  to  tbe  ignition  of  the  gaseoos  mixtore 
■Qnoanding  the  switch  csung  by  flames  disohazged  from  the  casing.  In  any  tests  where  puncture  is 
'jported  the  protectire  devices  iaDed  to  perform  their  sateuaiding  functions  as  ertdflooed  Dy  the  tad 
w*t  tha  gaseous  miztoxe  outside  theosshig  was  ignited  by  Hamas  from  within. 
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Flames  were  observed  only  at  the  protective  device  on  the  top  of 
the  switch,  as  the  observer  was  not  in  a  position  to  look  into  the 
outlets  of  the  lower  protective  devices.  However,  a  yellow  light 
was  observed  to  come  from  under  the  switch  owing  to  the  flames  at 
the  lower  protective  devices.  The  flames  were  yellow  and  did  not 
extend  beyond  the  edge  of  the  baffle  plate  that  protected  the  device, 
but  extended  about  one-half  or  three-fourths  of  an  inch  beyond  the 
outer  plate  of  perforated  metal.  The  first  two  punctures  occurred 
at  the  lower  protective  devices.  It  was  not  possible  to  tell  where 
the  third  puncture  occuired. 

DISCUSSION  OP  RESULTS  OF  TEST. 

The  results  of  the  t'Csts  show  that  the  switch  is  not  suitable  for  use 
in  gaseous  atmospheres.  Two  punctures  were  obtained  out  of  six 
trials  made  with  the  switch  in  its  normal  condition  and  another 
puncture  was  obtamed  in  a  trial  made  when  one  of  the  protective 
devices  had  been  put  out  of  commission.  A  puncture  occurred  in 
the  only  test  made  by  igniting  the  mixture  within  the  switch  casing 
by  a  flash  from  the  switch  contacts  when  all  the  protective  devices 
were  in  use.  The  piotective  devices  failed  to  fulfill  the  purpose  of 
their  design,  because  there  was  not  enough  heat  absorbing  material 
in  each  partition  of  the  protective  devices  and  because  these  parti- 
tions were  spaced  too  far  apart. 

REMARKS  ON   SWITCH  DESIGN. 

As  regards  mechanical  strength,  the  design  of  the  protective 
devices  seemed  to  be  satisfactory.  The  mechanical  design  of  the 
devices  for  preventing  the  improper  manipulation  of  the  switch 
seemed  to  be  good,  although  no  tests  were  made  to  determine  the 
wearing  qualities  of  these  devices. 

SWITOH  ZPl. 
DESCItlPTIGN  OF  SWITCH. 

Switch  XPl  was  composed  of  two  600-volt,  40-ampere,  single-pole, 
automatic  circuit  breakers  inclosed  in  a  cast-steel  casing  which  was 
provided  with  protective  devices.  The  details  of  construction  are 
shown  in  Plate  11,  A,  B.  The  circuit  breakers  were  closed  by  the 
handles,  a  (PL  II,  B) ,  which  were  connected  through  stuffing  boxes 
in  the  cover  to  the  forked  arms  &,  operating  the  insulated  switch 
levers,  c  (PI.  II,  A).  The  automatic  operation  of  the  circuit  breakers 
was  accomplished  by  a  solenoid  of  the  usual  type  which,  when  excited 
by  a  predetermined  current,  released  a  latch  that  held  the  circuit 
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breakers  closed.  This  latch  coxild  also  be  released  from  outside  the 
casing  by  pressing  upon  the  knobs^  d  (PL  II,  B),  to  which  were  con- 
nected rods  which,  passing  through  stuffing  boxes  in  the  cover, 
gave  the  latch  a  motion  similar  to  that  imparted  by  the  solenoid. 

The  cover  was  secured  to  the  casing  by  eight  |-inch  cap  screws 
provided  with  collars  to  prevent  their  removal  from  the  cover.  Four 
locking  bars,  g  (PI.  II,  A) ,  operated  by  the  handle,  Ji,  were  also  provided 
and  interlocked  with  the  handles,  a  (PI.  II,  £),  so  as  to  prevent  not 
only  the  removal  of  the  cover  while  the  circuit  breakers  were  closed, 
but  also  the  closing  of  the  circuit  breakers  while  the  cover  was 
removed.  Holes,  j  (PI.  II,  -4),  were  provided  at  the  bottom  of  the 
switch  casing  for  the  entrance  of  leads.  These  holes  were  tapped  for 
f-inch  pipe,  so  that  the  wires  could  be  run  in  conduits. 

The  unoccupied  space  within  the  switch  casing  was  about  0.8  cubic 
foot. 

The  switch  casing  was  equipped  with  four  protective  devices,  Ic. 
These  devices  consisted  of  an  outside  plate  of  perforated  brass  about 
^  inch  thick,  immediately  inside  of  which  were  two  layers  of  70-mesh 
copper  gauze.  Each  plate  of  brass  was  perforated  with  545  holes, 
approximately  \  inch  in  diameter,  spaced  0.2  inch  apart.  The  total 
area  of  relief  openings  afforded  by  these  devices  was  about  12.64 
square  inches. 

METHOD  OF  PBOGBDURB. 

The  procedure  in  the  tests  on  switch  XPl  was  the  same  as  that 
followed  in  the  tests  made  on  switch  XDl  (page  11). 

RESULTS   OF  TESTS. 

Below  are  enumerated  the  conditions  under  which  the  tests  were 
made,  the  maximum  pressures  developed  by  the  explosion  within  the 
switch  casing,  the  phenomena  accompanying  the  explosion,  and 
whether  or  not  ''puncture"  (see Table  1,  footnote  *,  page  11)  occurred. 

Eighty-five  tests  were  made  on  this  switch  under  five  different  con- 
ditions. Eighty  tests  were  made  by  ignition  of  the  mixture  from  a 
flash  at  the  contacts  of  the  circuit  breakers  when  they  automatically 
opened.  Five  tests  were  made  by  ignition  from  a  spark  plug.  Most 
of  the  tests  were  made  with  a  gaseous  mixture  contaroing  8.6  per  cent 
gas,  which  was  believed  to  be  the  most  explosive  mixture.  Some 
tests,  however,  were  made  with  more  and  some  with  less  than  8.6  per 
cent  gas,  in  order  to  observe  the  effect  of  slow-burning  mixtures. 
Some  tesjbs  were  made  with  coal  dust  sifted  into  the  protective  devices, 
in  order  to  observe  whether  the  dust  particles  would,  while  incan- 
descent, be  blown  through  the  protective  devices  and  ignite  the 
gaseous  mixture  surrounding  the  switch  casing. 
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In  none  of  the  tests  were  any  flames  seen  to  issue  from  the  switch 
casing.  In  all  tests  the  pressure  developed  within  the  switch  casing 
by  the  explosion  was  comparatively  low,  due  to  the  relatively  large 
relief  area  of  the  protective  devices. 

In  almost  every  test,  immediately  following  the  initial  explosion,  a 
burning  of  gas,  accompanied  by  a  loud  humming  noise  lasting  about 
3  or  4  seconds,  was  seen  at  the  inner  face  of  the  protective  devices. 
The  flames  were  blue,  sometimes  having  a  tinge  of  green  toward  the 
last,  and  appeared  to  move  inward  and  upward.  This  is  termed 
'*  afterburning."  In  those  tests  made  with  coal  dust  in  which  after- 
burning occurred,  the  flames  appeared  red,  due  to  the  incandescent 
dust  particles.  In  all  tests,  except  those  made  with  coal  dust,  the 
flame  of  the  initial  explosion  was  reddish  purple.  When  dust  was 
used  the  initial  flame  was  red. 

In  making  the  tests  of  group  2  (Table  2)  it  was  found  that  the 
occurrence  of  afterburning  depended  on  the  quantity  of  dust  that  was 
sifted  into  the  protective  devices.  When  only  a  small  quantity  of 
dust  was  used  afterburning  occurred,  but  when  a  large  quantity  was 
used  afterburning  did  not  occur;  also  the  presence  of  dust  had  a 
tendency  to  reduce  the  maximum  pressure  developed.  In  the  tests 
made  with  8.6  per  cent  gas  alone,  the  average  maximum  pressure  was 
4.1  pounds;  in  the  tests  made  with  8.6  per  cent  gas  and  a  little  dust, 
the  average  maximum  pressure  was  3.3  pounds;  and  in  the  tests  made 
with  8.6  per  cent  gas  and  a  large  proportion  of  dust,  the  average 
maximum  pressure  was  2.7  pounds. 

Table  2.—Re$uU8  of  tests  ofswUch  XPl, 


Onxm 
NoT 

Oas. 

Character 

of 
ignttlOILa 

Maximum 
pre88ur6.b 

Number 
of  tests 
made. 

Number  of 
puiictures.c 

Afterburning. 

1 

42 

3 

4 
6 

Percent, 
8.6 
8.6 
8.6 
7.0 
10.0 

6w. 
8w. 
Bp. 
Sw. 
Bw. 

POWMfo  l»€r 
Muorelnrft. 

4.12 

3.18 

2.66 

1.24 
.67 

36 
15 
6 
15 
15 

0 
0 
0 
0 
0 

Yes. 
8  Yes:  7  No. 
y'os. 
Yes. 
Yes. 

a  In  thJs  odumn  '<Sp."  Indicates  spark  plug  ignition.  "Sw."  indicates  that  the  ignition  was  made  by 
automaticaUy  opening  tlie  switch  unaer  load. 

b  The  Talues  given  m  this  column  are  the  average  of  all  the  maTJmnm  pressure  observed  in  the  tests  of 
each  group. 

c  See  Table  1,  footnote  h, 

d  In  this  group  of  tests  finely  ground  coal  dust  was  sifted  into  the  protective  dovtoes  beCore  each  test. 

The  protective  devices  f uMlled  the  purpose  of  their  design  in  that 
no  pimcture  was  obtained  from  85  trials.^ 

»  This  statement,  baaed  upon  the  preliminary  tests,  does  not  mean  that  the  switch  is  regarded  as  per- 
misBible  for  use  in  gaseous  mines.  Tests  to  establish  a  list  of  permissible  electric  switches  are  now  being 
OQoaidered.   (See  section  of  this  report  headed  "  Permissible  Switches  for  Use  hi  Gaseous  Mines,"  p.  30.) 


H  001,  EXTERrOR  VIEW. 


H  ODl,   INTERIOR  VI 


SWITCH  ODl.  •  15 

BEMABKS  OK   SWITGH  DESIGN. 

The  merits  of  the  design  are  as  foUows:  The  ratio  of  relief  opening 
area  (12.64  square  inches)  to  unoccupied  space  within  the  casing 
(0.8  cubic  foot)  is  commendably  high.  Fine  gauze  (70-^niesh)  rein- 
forced by  perforated  metal  sheets  appears  to  be  an  efficient  device 
for  absorbing  heat. 

The  weak  points  in  the  design  are  as  follows:  The  heat-absorbing 
material  (perforated  plates  and  gauzes)  is  not  sufficiently  protected 
from  mechanical  injury.  The  gauzes  should  be  reinforced  by  a  sheet 
of  perforated  metal  on  each  side  instead  of  on  one  side  only.  The 
unoccupied  space  within  the  switch  casing  appears  to  be  greater 
than  is  necessary.  The  locking  bars  g,  (PI.  11,  A),  alone  (Ud  not 
draw  the  cover  close  enough  to  the  casing  to  prevent  the  passage  of 
flames.  It  was  possible  to  open  and  close  the  circuit  breakers  while 
the  cover  of  the  switch  casing  was  removed. 

SWITCH  ODl. 

» 

DB8GBIPTION   OF  SWrTCH. 

This  switch  was  a  double-polC;  single-throw,  double-break  oil 
switch,  rated  100  amperes  at  250  volts.  The  details  of  construction 
are  shown  in  Plate  III,  A  and  B.  The  leads  on  the  generator  side 
of  the  switch  passed  through  rubber-bushed  holes,  p,  and  connected 
with  clips,  a,  moimted  on  fiber  blocks.  When  the  switch  was  closed, 
the  blades,  c  and  (Z,  fitted  into  cUps,  a  and  h,  respectively.  The  fuse 
holder,  e,  was  provided  with  clips  and  these  fitted  onto  knife  blades,/. 
The  various  clips  and  blades  were  fastened  in  place  and  electrically 
connected  by  screws  or  rivets  passing  through  the  fiber  insulators,  g. 
All  the  moving  parts  were  mounted  on  the  shaft,  h,  which  had  a 
bearing  at  i,  passed  through  a  stuffing  box  in  the  cover,  and  had  the 
handle,  j,  attached  to  its  outer  end.  The  load  connection  was  made 
with  attachment  plugs.  A:,  that  fitted  tightly  into  their  receptacles, 
which  were  a  part  of  the  bases  of  clips,  6.  The  wings,  I,  on  the  handle 
casting  prevented  the  insertion  or  the  removal  of  the  plugs  while  the 
circuit  was  closed.  The  casing  was  of  cast  iron  and  was  provided  at 
the  top  with  an  opening,  m,  for  putting  in  the  oil  and  for  renewing 
the  fuses.  This  opening  was  closed  by  a  screw  cap.  The  fuses  were 
mounted  in  such  a  position  that  they  were  accessible  through  this 
opening  only  when  the  switch  was  open.  A  plugged  hole,  n,  provided 
a  means  for  drawing  off  the  oil  without  dismoimting  the  switch. 
The  cover  was  secured  in  place  by  screws  and  made  tight  by  a  lead 
gasket.  The  handles  of  the  attachment  plugs  and  the  metal  parts 
of  the  receptacles  were  protected  by  coverings  of  hard  rubber.  The 
grip  of  the  handle  was  of  hard  wood.  The  casing  could  hold  about 
2.85  liters  (approximately  3  quarts)  of  oil. 
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METHOD  OF  PBOGEDUBE   AND  BBSULTS. 

The  switch  was  set  up  in  the  testing  gallery  and  arranged  so  that 
it  could  be  connected  in  series  with  the  loading  rheostat  across  the 
mains  of  a  200-Jdlowatt,  225-volt,  direct-current  generator.  The 
rheostat  was  adjusted  so  that  a  current  of  100  amperes  flowed  through 
the  switch  when  it  was  closed.  The  switch  was  tested  by  opening 
and  closing  it  by  mechanical  means  about  8  times  a  minute.  The 
test  was  continued  in  this  manner  until  the  switch  had  been  opened 
and  closed  28,980  times.  During  the  progress  of  the  test  the  switch 
contacts  were  renewed  four  times,  but  the  oil  was  not  changed. 
The  life  of  each  set  of  contacts  was  as  follows: 

Number  of  ojieratUma  made  with  each  set  ofcontacfs. 

Number  of 
CoDtacts  used.  opezatioDs. 

First  set 2,453 

Second  set 4, 939 

Third  eet 10,878 

Fourth  set 4, 489 

Fifth  set 6,221 

Total 28,980 

The  temperature  of  the  air  that  surrounded  the  switch  varied 
from  10°  C.  in  some  tests  to  24*^  C.  in  others.  The  average  tempera- 
ture of  the  oil  throughout  the  tests  was  33°  C,  the  maximum  being 
87°  C.  when  the  contacts  had  become  badly  burned.  The  last  6,221 
operations  were  made  with  the  screw  cap  removed  and  the  switch 
casing  sinrounded  by  the  most  explosive  mixtiu*e  of  gas  and  air. 
The  gas  was  not  ignited  in  any  test.  Since  no  igm'tion  occurred 
during  the  last  6,221  tests,  it  is  probable  that  none  would  have 
occiured  had  gas  been  present  during  the  22,759  previous  tests,  and 
hence  the  test  was  equivalent  to  28,980  operations  in  explosi^^  gas. 

The  test  was  started  with  3.25  Uters  (approximately  3  quarts)  of 
oil  ^  in  the  casing.  Each  time  the  contacts  were  changed  some  of 
the  oil  was  unavoidably  lost.  Had  this  oil  not  been  replaced  it  would 
have  imposed  an  unfair  condition  upon  the  switch,  and  as  it  was 
almost  impossible  to  determine  the  amount  of  oil  lost  during  the 
process  of  renewing  the  contacts  it  was  decided  that  after  each  such 
renewal  the  oil  level  should  be  brought  up  to  its  original  height. 
This  makes  each  series  of  runs,  made  with  a  single  set  of  contacts,  a 
test  by  itself,  although  in  the  latter  runs  the  greater  part  of  the  oil 
had  seen  service  on  all  previous  runs.  As  many  as  10,000  opera- 
tions were  made  without  lowering  the  oil  level  enough  to  expose 
the  contacts,  and  as  this  may  be  taken  to  represent  about  three 

a  The  analysis  of  thJs  oil  (No.  14-0)  is  giTen  in  Table  3. 
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years'  service  on  a  basis  of  10  operations  per  day,  it  is  reasonable  to 
assume  that  the  oil  would  be  replenished  before  it  had  fallen  to  a 
dangerously  low  level  through  the  operation  of  the  switch. 

During  tiie  first  22,000  operations  about  250  c.  c.  (approximately 
one-half  pint)  of  oil  was  forced  out  of  the  casing  aroxmd  the  bushings 
provided  for  the  incoming  leads.  No  appreciable  leakage  occurred 
aroxmd  the  joint  between  the  cover  and  the  casing.  The  condition 
of  the  oil  after  the  test  had  been  made  is  shown  in  Table  4. 

DISCUSSION   OF  RESULTS   OF  TEST. 

The  results  of  the  tests  indicate  that  as  long  as  the  switch  contacts 
are  submei^ed  in  the  oil  the  switch,  within  its  rated  capacity,  can 
safely  be  used  in  gaseous  atmospheres.^ 

The  absolute  safety  of  the  switch  is,  however,  conditional  upon 
the  presence  of  oil  in  proper  quantities.  The  tests  show  that  the  loss 
of  oil  due  to  evaporation  and  to  the  operation  of  the  switch  will  not 
reduce  the  oil  level  to  a  dangerous  point  before  the  switch  contacts 
have  become  so  burned  that  the  circuit  can  not  be  closed.  The  safety 
of  the  switch  therefore  depends  largely  upon  the  care  that  is  taken 
to  prevent  the  accidental  loss  of  oil  .from  the  switch. 

REMAKKS   ON   SWITCH  DESIGN. 

The  design  of  the  switch  is  well  suited  to  mine  use.  With  one 
exception  the  mechanical  strength  of  the  parts  seems  to  be  sufficient 
to  withstand  the  rough  usage  incident  to  undergroxmd  service. 
The  exception  noted  is  the  bushing  provided  for  the  incoming  leads. 
It  is  suggested  that  the  bosses  on  the  casing  be  lengthened  to  allow 
a  steel  cap  to  be  threaded  onto  each  boss,  and  that  the  bushings  be 
made  of  fiber  and  held  between  the  caps  and  the  face  of  the  bosses. 
By  this  means  the  bushings  would  be  held  rigidly  in  place  and  pro- 
tected from  mechanical  injury.  It  is  further  suggested  that  the 
switch  contacts  be  placed  so  that  each  will  be  submerged  in  the  oil 
to  the  same  depth.  This  will  have  the  effect  of  increasing  the  depth 
of  oil  over  the  contacts. 

So  far  as  was  observed  during  the  tests  the  joint  between  the 
cover  plate  and  the  casing  allowed  almost  no  leakage  of  oil.  If  the 
switches  are  not  abused,  the  loss  of  oil  from  this  joint  should  be 
very  slight.  The  fuses  were  not  tested,  but  it  is  recommended  that 
inclosed  fuses  rather  than  open  fuses  be  applied  to  this  switch  if 
such  an  arrangeinent  is  practicable. 

•  This  statementi  based  upon  the  preliminary  tests,  does  not  mean  that  the  switch  is  regarded  as  per- 
missible for  use  In  gaseous  mines.    See  footnote  a,  page  14. 
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SWITCH  OD2. 
DESCRIPTION   OF  SWITCH. 

This  switch  was  a  double-pole,  single-throw,  lOO-ampere,  600- 
volt,  finger-contact,  automatic  oil  switch.  The  details  of  construc- 
tion are  shown  in  Plate  IV,  A  and  B.  The  fingers  a  served  to  make 
the  connection  between  the  incoming  terminals,  i^,  and  the  load 
terminals,  c,  on  the  attachment  plug,  d.  These  fingers  were  mounted 
on  a  carriage  that  was,  by  the  insertion  of  the  plug,  pushed  back- 
ward against  springs  in  chamber,  e.  Just  after  the  plug  entered  its 
receptacle,  g,  the  terminals,  c,  made  connection  with  the  contacts  on 
the  upper  ends  of  the  fingers,  a,  and  at  the  same  time  the  end  of  the 
plug  came  in  contact  with  the  end  of  the  carriage  upon  which  the 
fingers  were  mounted.  By  thrusting  the  plug  farther  into  its  recep- 
tacle the  carriage  was  pushed  backward  until  the  fingers  came  in 
contact  with  the  terminals,  6,  completing  the  circuit.  The  plug  was 
held  in  position  by  a  latch  that  engaged  the  tooth,  /.  When  the 
switch  was  opened  by  hand,  a  slight  upward  pressure  on  the  handle 
of  the  plug  disengaged  the  latch,  allowing  the  springs  to  force  the 
carriage  and  plug  outward,  breaking  the  circuit  between  a  and  b, 
which  were  imder  oil.  Thus  the  operation  of  the  switch  was  accom- 
plished by  the  insertion  and  removal  of  the  plug.  In  the  automatic 
opening  of  the  switch  the  latch  was  disengaged  by  the  release  coil,  h, 
and  the  operation  completed  as  in  the  case  of  hand  operation. 

The  attachment  plug  was  of  hard  wood.  The  switch  frame  was 
of  cast  iron.  The  oil  tank  was  of  sheet  metal  with  riveted  and  sol- 
dered seams,  and  could  hold,  up  to  the  height  designated  by  the 
manufacturer,  about  4.7  liters  (approximately  1}  gallons)  of  oil. 

METHOD  OF  PROCEDUEE  AND  RESULTS. 

The  only  test  made  upon  this  switch  was  a  test  to  determine  the 
evaporation  of  oil  from  the  oil  tank.  The  tank  was  filled  with  fresh 
oil  and  the  switch  placed  in  the  evaporation  house,  wheie  the  tem* 
perature  was  maintained  at  37**  C.  for  23  days  and  at  85°  C.  for  52 
days  of  24  hours  each.  The  analyses  of  the  oil  (No.  15-0)  before  and 
after  test  are  given  in  Table  3.  This  switch  was  examined  after  all  the 
other  oil  switches  had  been  tested.  The  previous  tests  demonstrated 
that  as  long  as  the  contacts  of  oil  switches  of  this  capacity  are  cov- 
ered to  a  reasonable  depth  with  oil,  flashes  from  the  switch  contacts 
can  not  ignite  gas.  These  tests  and  the  evaporation  test  made  on 
this  switch  have  also  shown  that  the  loss  of  oil  due  to  evaporation 
and  to  the  operation  of  the  switch  will  not  reduce  the  oil  level  *to  a 
dangerous  point  before  the  switch  contacts  have  become  so  burned 
that  the  circuit  can  not  be  dosed.    In  the  light  of  the  previous  teats 
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and  from  an  examination  of  the  switch  and  an  analysis  of  the  oil 
this  oil  switch  as  submitted  should  operate  safely  in  gaseous  atmos- 
pheres when  carrying  and  breaking  a  current  of  100  amperes  from  a 
250- volt  generator  of  at  least  200-kilowatt  capacity  (the  capacity  of 
the  generator  available  for  the  tests),  and  possibly  from  generators 
of  greater  capacity,  especially  if  the  switch  were  set  up  at  some 
distance  from  the  generator.* 

The  safety  of  the  switch  depends  entirely  upon  the  care  that  is 
taken  to  insure  the  presence  of  enough  oil.  The  presence  or  absence 
of  oil  can  not  be  seen  by  a  glance  at  the  exterior  of  the  switch  and  can 
be  determined  only  by  removing  the  oil  tank. 

The  safety  of  the  switch  is  therefore  conditional  upon  proper 
inspection,  which  can  not  be  assured  by  test,  and  hence  the  absolute 
safety  of  the  switch  can  not  be  vouched  for. 

REMARKS   ON   SWITCH  DESIGN. 

The  design  seems  sufficiently  simple  and  some  of  the  parts  are  no 
doubt  mechanically  strong  enough  as  submitted.  The  mechanism 
for  preventing  flashes  from  the  contacts  of  the  removable  plug  seems 
to  perform  its  function.  It  is  probable  that  the  manuf actiu*ers  con- 
template further  development  of  the  switch  before  placing  it  upon 
the  market.  The  removable  plug  seems  to  be  the  weakest  and  least 
developed  part  of  the  equipment,  and  must  be  materially  improved 
in  design  and  construction  before  it  will  be  able  to  withstand  satis- 
factorily the  severities  of  underground  service. 

SWITCH  OPl. 
DESCRIPTION   OF   SWITCH. 

This  switch  was  a  two-pole,  250-volt,  50-ampere,  knife-blade, 
nonautomatic  oil  switch.  The  details  of  construction  are  shown  in 
Plate  V,  A.  The  current-carrying  parts  were  moimted  on  a  porce- 
lain base,  6,  approximately  5  by  5^  by  1^  inches,  with  the  blades,  a, 
and  dips,  c,  on  the  under  side,  so  that  the  arc  was  formed  under 
about  4  inches  of  oil  when  the  oil  tank  was  filled  to  the  height  desig- 
nated by  the  manufacturer.  A  wooden  rod,  d,  for  operating  the 
blades  passed  through  a  hole  in  the  center  of  the  porcelain  base. 
The  leads  entered  the  switch  through  porcelain  bushings,  e,  at  the 
top,  and  connected  with  connection  sleeves  on  the  upper  side  of  the 
base. 

The  oil  tank  was  made  of  sheet  iron  with  welded  seams  and  was 
secured  to  the  switch  frame  by  two  bolts.  The  tank  held  about  2.9 
liters  (approximately  3  quarts)  of  oil^  when  filled  to  the  height 
designated  by  the  manufacturers. 

a  Thtf  statement,  baaed  upon  the  preUminary  tests,  does  not  mean  that  the  switch  Is  regarded  as  per- 
missible for  nae  in  gaseous  mines.    See  footnote  a  on  page  14. 
b  The  analysis  of  the  oil  (No.  11-0)  used  in  this  switch  is  given  in  Table  3. 
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METHOD  OF  PROGEDUBE   AND  RESULTS. 

The  switch  was  set  up  in  the  testing  gallery  and  arranged  so  that 
it  could  be  connected  in  series  with  the  loading  rheostat  across  the 
mains  of  a  200-kilowatt,  225-volt,  direct-current  generator.  The 
rheostat  was  provided  with  an  automatic  device  that  allowed  only 
20  amperes  to  flow  when  the  switch  was  first  closed,  but  raised  the 
current  to  100  amperes  just  before  the  switch  was  opened.  A  tube 
was  inserted  through  the  side  of  the  oil  tank  so  that  a  thermometer 
could  be  suspended  near  the  arc  points  of  the  switch  contacts. 

The  switch  was  tested  by  opening  and  closing  it  by  mechanical 
means  about  11  times  a  minute.  The  test  was  continued  in  this 
manner  until  the  switch  had  been  operated  75,000  times.  At  fre- 
quent intervals  explosive  mixtures  of  gas  and  air  were  introduced  to 
the  testing  gallery.  No  ignition  occurred,  as  the  oil  level  did  not 
fall  low  enough  to  expose  the  contacts.  At  the  end  of  the  test  the 
contacts  were  still  submerged  in  oil  to  a  depth  of  about  3{  inches. 
The  temperature  of  the  air  that  surrounded  the  switch  varied  from 
—  7*^  C.  in  some  tests  to'  38*^  C.  in  others.  The  average  temperature 
of  the  oil  near  the  contacts  was  17*^  C,  the  maximum  being  77*^  C. 
when  the  contacts  had  become  badly  burned.  During  the  progress 
of  the  test  the  switch  contacts  were  renewed  four  times,  but  the  oil 
was  not  changed.  The  following  table  shows  the  physical  and 
chemical  properties  of  the  oils  used  in  testing  oil  switches: 


A.    SWITCH  OPl,  INTERIOR  VIEW.  B.    SWITCH  OPI.  INTERIOR  VIEW. 


C.     SWITCH  OP3,  INTERIOR  VIEW. 
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After  each  5,000  operations  a  26-gram  (approximately  1  ounce) 
sample  of  oil  was  removed  from  the  oil  tank  to  determine  the  per- 
centage of  free  carbon,  26  grams  of  fresh  oil  being  added  in  each  case. 
The  results  are  shown  in  Table  4. 

The  life  of  each  set  of  contacts  was  as  follows : 

Number  of  operations  made  tvith  each  set  of  contacts. 

Number  of 
Contacts  used.  operations. 

Piret  set a  13, 135 

Second  set 32,  503 

Third  set 9,942 

Fourth  set 11, 680 

Fifth  set 5  7,740 

Total ! 75,000 

DISCUSSION   OP  RESULTS   OF  TEST. 

The  results  of  the  tests  indicate  that  as  long  as  the  switch  con- 
tacts are  submerged  in  oil  to  the  depth  recommended  by  the  manu- 
facturers the  switch;  within  its  rated  capacity,  can  safely  be  used  in 
gaseous  atmospheres.^ 

The  absolute  safety  of  the  switch  is,  however,  conditional  upon  the 
presence  of  oil  in  proper  quantities.  The  tests  show  that  the  loss  of 
oil  due  to  evaporation  and  to  the  operation  of  the  switch  wiU  not 
reduce  the  oil  level  to  a  dangerous  point  before  the  switch  contacts 
have  become  so  burned  that  the  circuit  can  not  be  closed.  The  safety 
of  the  switch  therefore  depends  largely  upon  the  care  that  is  taken  to 
prevent  the  accidental  loss  of  oil  from  the  switch. 

REMARKS   ON   SWITCH  DESIGN. 

This  switch  was  not  designed  especiallyfor  mine  service  and  is  not 
well  adapted  for  rough  usage.  If  mounted  upon  a  switchboard  in  a 
well-constructed  underground  substation  the  switch  should  prove  as 
satisfactory  as  if  set  up  above  ground,  but  for  general  use  here  and 
there  about  a  mine  under  haphazard  conditions  of  installation,  such 
as  mounting  upon  mine  timbers  or  roughly  constructed  supports,  the 
construction,  ought  to  be  more  substantial  and  the  casing  nearly  air- 
tight in  order  to  preclude  the  loss  of  oil. 

a  Plate  V,  A  f  shows  the  condition  of  this  sot  after  the  13,135  operatloDs  had  been  made, 
ft  This  set  was  not  burned  off  at  the  completion  of  the  test. 

c  This  statement,  based  upon  the  preliminary  tests,  does  not  mean  that  the  switch  is  regarded  as  per- 
missible for  use  in  gaseous  mines.   See  footnote  a,  page  14. 
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SWITCH  OP2. 
DESCEIPTION  OF  SWITCH. 

Switch  0P2  was  a  two-pole,  6,600-volt,*  lOO-amperO;  knife-blade, 
nonautomatic  oil  switch. 

The  details  of  construction  are  shown  in  Plate  V,  B.  The  switch 
was  similar  to  switch  0P2,  except  that  the  base  was  of  hard  wood. 
A  wooden  barrier  about  one-half  inch  thick  separated  the  blades  and 
clips  of  opposite  polarity,  thus  dividing  the  oil  tank  into  two  parts. 
The  oil  tank  was  similar  in  construction  to  that  of  switch  OPl,  the 
inside  dimensions  were  7  by  7  by  9  inches,  and  the  tank  was  lined 
throughout  with  fiber  about  ^  inch  in  thickness.  The  tank  held 
about  4.65  liters  (approximately  5  quarts)  of  oil  ^  when  filled  to  the 
height  designated  by  the  manufacturers. 

METHOD  OF  PBOCEDUBE  AND  RESULTS. 

This  switch  was  tested  in  exactly  the  same  way  as  was  the  switch 
OPl.  No  ignition  of  the  gaseous  mixture  occurred,  as  the  oil  level 
did  not  fall  sufficiently  to  expose  the  contacts.  At  the  end  of  the 
test  the  contacts  were  stiU  submerged  in  oil  to  a  depth  of  about  3} 
inches.  The  temperature  of  the  air  that  surrounded  the  switch  varied 
from  —  1°  C.  in  some  tests  to  38°  C.  in  others.  The  average  tempera- 
ture of  the  oil  near  the  contacts  was  31°  C,  the  maximum  being 
110°  C.  when  the  contacts  had  become  badly  burned.  During  the 
progress  of  the  test  the  switch  contacts  were  renewed  twice,  but  the 
oil  was  not  changed.     The  life  of  each  set  of  contacts  was  as  follows: 

Number  of  operations  made  with  each  set  of  contacts. 

Number  of 
Contacts  used.  operatioos. 

First  Bet e  13, 650 

Second  set 61, 350 

Third  set <»10,00!p 

Total..... 75,000 

After  each  5,000  operations  a  26-gram  (about  1  ounce)  sample 
of  oil  was  removed  from  the  oil  tank  to  determine  the  percentage  of 
free  carbon,  26  grams  of  fresh  oil  being  added  in  each  case.  The 
results  are  shown  in  Table  4. 

DISCUSSION  OF  RESULTS  OP  TEST. 

The  remarks  on  the  results  of  the  test  of  switch  OPl,  page  23,  apply 
equally  well  to  switch  0P2. 

a  Although  this  was  the  standard  rating  of  the  switch  it  was  offered  for  test  as  a  2SO-volt  switch. 

b  The  analysis  of  the  oil  (No.  11-0)  used  in  this  switch  is  given  in  Table  8. 

e  Plate  V,  Bf  shows  the  condition  of  this  set  after  the  13,65(V>perations  had  been  made. 

4  These  oontaots  were  still  in  good  condition  when  the  test  was  oom2>leted. 
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REMARKS  OX  SWITCH  DESIGN. 

The  remarks  on  the  design  of  switch  OPl,  page  23,  apply  equally 
well  to  the  design  of  switch  0P2. 

SWZTGH  OPS. 
DESCRIPTION   OP  SWITCH. 

This  switch  was  a  two-pole,  600-volt,"  100-ampese  oil  switch  pro- 
Tided  with  an  automatic  overload  release.  The  details  of  con- 
struction are  shown  in  Plate  V,  (7.  The  current-carrying  parts  were 
mounted  on  the  under  side  of  a  wooden  base  h,  approximately  6f  by 
7  J  by  I  inches.  When  the  oil  tank  was  filled  to  the  designated  level 
the  contacts  were  submerged  to  a  depth  of  about  2  inches. 

The  contact  was  a  butt  contact  between  two  brass  cylinders,  a 
and  c,  about  f  inch  in  diameter  and  1  inch  in  length.  The  stationary 
contacts,  %  were  fastened  directly  against  the  lower  side  of  the  base 
by  studs  that  passed  through  the  base  and  terminated  on  its  upper 
side  in  connection  sleeves.  The  movable  contacts,  c,  were  supported 
on  a  wooden  bar,  d,  and  held  in  place  against  a  spring  (concealed  in 
the  bar)  by  studs  that  passed  through  the  bar  and  connected  through 
flat  woven-wire  braids,  /,  with  the  sleeves,  ^,  to  which  were  fastened 
the  conductors  entering  the  switch  casing.  The  bar,  d,  was  operated 
by  two  rods  that  passed  through  holes  in  the  base  and  were  attached 
to  an  operating  lever.  On  one  pole  of  the  switch  between  the  con- 
nection sleeve  and  the  movable  contact  was  located  a  solenoid,  g, 
designed  to  open  the  switch  on  overload.  The  armature  of  this 
solenoid  could  be  adjusted  to  act  at  any  value  of  current  between 
80  and  160  amperes. 

The  frame  of  the  switch  was  made  of  cast  iron  and  was  provided 
with  six  porcelain-bushed  holes  for  the  entrance  of  leads.  ^ 

The  oil  tank  was  made  of  sheet  iron  with  welded  seams.  It  meas- 
ured 7  by  7i  by  8  inches  and  held  about  5.25  liters  (approximately 
5i  quarts)  of  oU  ^  when  filled  to  the  height  designated  by  the  manu- 
facturers. 

METHOD  OP  PROCEDURE  AND  RESULTS. 

The  switch  was  set  up  in  the  testing  gallery  and  arranged  so  that 
it  could  be  connected  directly  across  the  mains  of  a  200-kilowatt, 
225-volt,  direct-current  generator.  The  resistance  of  the  mains 
connecting  the  generator  and  the  switch  was  measured  and  foxmd  to 
be  about  0.37  ohm.     The  switch  was  tested  by  closing  it  and  then 

a  Although  this  was  the  standard  rating  of  the  switch  It  was  offered  for  test  as  a  2S0>voIt  switch. 
ft  The  switch  was  evidently  designed  originally  for  three-phase  service  and  had  heen  only  partly  remodeled 
before  sabmitting  it  for  test, 
e  The  analysis  of  the  oil  (No.  13-0)  used  in  this  switch  is  given  in  Table  3. 
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connecting  it  across  the  mains  of  the  generator.  After  the  rush  of 
current  had  caused  the  switch  to  open  automatically  the  connection 
between  the  switch  and  the  generator  was  broken;  the  switch  was 
once  more  closed;  and  the  connection  between  switch  and  generator 
was  again  completed.  The  switch  was  manipulated  by  mechanical 
means  at  a  rate  of  about  12  times  a  minute.  An  oil  gage  was  attached 
to  the  oil  tank  in  order  that  the  change  in  height  of  the  oil  might  be 
observed  as  the  test  progressed.  By  means  of  this  gage  the  depth 
of  oil  in  the  tank  could  be  determined  with  an  accuracy  of  1  per  cent. 

Arrangements  were  made  for  forcing  an  explosive  mixture  of  gas 
into  that  part  of  the  casing  of  the  switch  not  occupied  by  oil.  The 
testing  gallery  was  not  kept  full  of  gas  throughout  all  the  tests 
because  the  explosive  mixture  would  soon  have  been  vitiated  by  the 
finely  divided  carbon  that  was  given  oflf  in  lai^e  quantities  in  a  vapor- 
like form  during  the  operation  of  the  switch.  It  was  considered  best 
to  operate  the  switch  for  a  time  and  then  to  remove  tl^e  carbon- 
charged  air  from  the  gallery  and  fill  it  with  explosive  gas,  after  which 
the  operation  of  the  switch  was  continued  for  another  period  before 
once  more  clearing  the  gallery  and  introducing  more  gas. 

Two  series  of  tests  were  made  upon  this  switch.  In  the  first  series 
the  automatic  release  was  set  to  act  at  160  amperes.  The  oil  tank 
was  fiOiled  with  5.2  liters  (approximately  5i  quarts)  of  oil.  The 
following  table  gives  the  rate  of  oil  loss  as  the  test  proceeded  and 
the  number  of  times  that  gas  was  introduced  into  the  gallery  during 
the  test : 

Table  6. — Rate  of  oil  loss  and  number  ofoperaiicms  made  in  gas  while  operating  sioiteh 

OPSf  first  series. 


Nfunberof 
operations. 

Loss  of 
oU. 

Number  of 

operations 

made  in  gas. 

JgpMaa 
of  gas. 

0-    100 

101-   620 

621-   060 

961-1,456 

1,456-2,073 

2,074-2,660 

2,561-3,470 

3,471 

C.c. 

300 

360 

60 

60 

100 

70 

30 

•  •  •  • 

0 

0 

0 

0 
2,044-2,073 

0 
2,561-2,600 
8,471 

«  «  ■  • 
•  •  ■  ■ 

No. 

No." 
Yes. 

060 

After  the  gas  had  been  ignited  the  switch  was  examined.  It  was 
found  that  the  arc  was  formed  just  at  the  surface  of  the  oil.  As  the 
ignition  occurred  on  the  first  break  after  the  introduction  of  the  gas, 
and  as  nearly  900  breaks  had  been  made  just  previously  without  gas 
in  the  gallery,  the  test  was  repeated  in  order  to  obtain  more  accurate 
data  in  regard  to  the  number  of  times  that  the  switch  could  be 
operated  without  igniting  the  gas. 
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The  second  test  of  this  switch  was  made  under  the  same  conditions 
as  the  first.  The  following  table  shows  the  rate  of  oil  loss  and  the 
number  of  times  that  gas  was  introduced  to  the  gallery  during  the 
test: 

Tablb  6. — Rate  of  oil  loss  and  number  of  operations  made  in  gas  while  operating 

stvitch  OPS,  second  series. 


Number  of 
operations. 

Loss  of 
oQ. 

Number  of 

operations 

made  in  gas. 

Ignition 
of  gas. 

0-  300 

301-   500 

501-1,270 

1,271-2,260 

2,261-2,773 

2,774-2,775 

C.e. 

630 
70 
70 

110 

40 

•  ■  •  • 

0 

0 

0 

0 
/  2,261-2,200 
\  2,664-2,683 
2,774-2,775 

•  •  «  w 

•  •  ■  • 

•  •  •  ■ 

•  •  •  • 

No. 
No. 
Yes. 

020 

After  the  switch  had  been  operated  2,773  times  gas  was  introduced 
in  the  gallery.  The  2,774th  operation  did  not  cause  the  gas  to  ignite 
but  the  2,775th  operation  did.  An  examination  of  the  switch  showed 
that  the  arc  was  formed  under  about  -j^  inch  of  oil. 

Fourteen  times  during  the  progress  of  the  tests  the  switch  contacts 
became  so  burned  that  they  failed  to  complete  the  circuit,  and  it 
was  necessary  to  adjust  or  renew  them  before  the  test  could  proceed. 
The  number  of  operations  made  between  each  adjustment  or  renewal 
were  as  foUows: 

Life  of  contacts  used  in  switch  OPS  during  the  tests. 


No.  of 

Number 
of  opera- 
tions. 

Remarks. 

No.  of 
test. 

Number 

of  opera- 

ttoan. 

Remarks. 

2 
2 
2 
2 

0 

520 

1,465 

2,073 

2,560 

3,471 

0 

300 

590 

640 

Contacts  adjusted. 

Do. 
Renewed. 
Adjusted. 
Test  completed. 
Contacts  renewed. 
Adjusted. 

Do. 
Renewed. 

2 
2 
2 
2 
2 

2 
2 
2 

1,060 
1,270 
1,552 
2,206 
2,260 

2,405 
2,663 
2,775 

Adjusted. 
Renewed. 
Adjusted. 

Do. 
Adjusted  1  pole,  renewed 

Ipole. 
Contacts  adjusted. 

Do. 
Test  completed. 

a  The  contacts  that  were  on  this  switch  when  the  test  was  started  had  been  used  for  650  operations  pre- 
yioos  to  the  beginning  of  this  test. 

DISCUSSION   OP  RESULTS  OP  TEST. 

The  remarks  on  the  results  of  the  tests  of  switch  OPl  (p.  23)  apply 
equally  weU  to  switch  OPS. 
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BEMABES  ON  SWITCH  DESIGN. 

This  switch  was  not  especially  designed  for  mine  service.  In  fact 
it  was  not  originally  designed  for  direct-current  service  at  all,  but 
was  a  three-phase  alternating-current  switch  adapted  to  direct-current 
service  by  removing  one  set  of  contacts  and  one  of  the  overload 
release  solenoids.  The  remarks  on  design  of  switch  OPl  (p.  23) 
apply  also  to  switch  OPS. 

SWITCH  OP4. 
DESCBIPnON  OP  SWITCH. 

Switch  0P4  was  a  three-pole,  double-break,  250-volt,  100-ampere, 
nonautomatic  oil  switch  of  the  manhole  type.  The  details  of  con- 
struction are  shown  in  Plate  VI,  A,  B.  The  eccentric  rod,  a,  opened 
and  closed  the  switch  by  lowering  and  raising  the  wooden  rods,  e, 
which  were  attached  to  the  contact  brushes,  h  (PL  VI,  B),  The 
eccentric  rod  was  operated  by  the  handle,  d,  on  the  outside  of  the 
switch  casing  (PI.  VI,  A).  The  casing  was  made  of  cast  iron  about 
-^  inch  in  thickness.  The  cover  was  provided  with  a  lead  gasket 
and  secured  by  stud  bolts.  In  setting  up  this  switch  in  practice  the 
lead  sheath  of  the  cable  would  be  soldered  to  the  brass  sleeves,  e 
(PI.  VI,  A).  The  tank  held  about  7.5  liters  (approximately  2  gallons) 
of  oil^  when  filled  to  the  height  designated  by  the  manufacturers. 

METHOD  OF  PBOCEDUBE  AND  BESULTS. 

The  switch  was  installed  in  the  testing  gallery  and  arranged  so 
that  it  could  be  connected,  in  series  with  the  loading  rheostat,  across 
the  mains  of  a  200-kilowatt,  225-volt,  direct-current  generator.  The 
rheostat  was  adjusted  so  that  100  amperes  flowed  through  the  switch 
when  it  was  closed. 

The  switch  was  tested  by  opening  and  closing  it  by  mechanical 
means  at  a  rate  of  about  10  operations  per  minute.  The  test  was 
continued  in  this  manner  until  the  switch  had  been  opened  and  closed 
75,000  times.  During  the  progress  of  the  test  the  switch  contact 
brushes  were  renewed  three  times,  but  the  oil  was  not  changed.  The 
life  of  each  set  of  contact  brushes  was  as  follows: 

Number  of  operations  made  with  each  set  of  contacts. 

Number  of 
ContaotB  used.  openttons. 

First  set 26,250 

Second  set 13, 019 

Third  set 31,731 

Fourth  set  * 5,000 

Total 76,000 

a  The  analysis  of  the  oil  (No.  13-0)  used  in  this  switch  is  given  in  Table  3. 
5  This  set  was  still  in  good  condition  at  the  oomptotion  of  the  test. 
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The  temperature  of  the  air  that  surrounded  the  switch  varied 
from  —  3**  C.  in  some  tests  to  22**  C.  in  others.  The  average  tempera- 
ture of  the  oil  throughout  the  tests  was  35°  C,  the  maximum  being 
91®  C.  when  the  contacts  had  become  badly  burned.  The  last  5,000 
operations  were  made  while  the  switch  casing  was  open  and  sur- 
rounded by  the  most  explosive  mixture  of  gas  and  air.  The  gas  was 
not  ignited  in  any  test. 

Since  no  ignition  occurred  during  the  last  5,000  operations  it  is 
probable  that  none  would  have  occurred  had  gas  been  present  during 
the  70,000  previous  operations,  and  hence  the  test  was  equivalent 
to  75,000  operations  in  explosive  gas. 

Table  3  shows  that  during  the  test  the  oil  decreased  9.8  per  cent 
in  weight.  This  was  due  first  to  the  escape  of  oil  vapors  through  the 
openings  designed  to  be  completely  filled  by  the  leads  entering  the 
switch,  but  not  so  filled  in  this  test;  and  second  to  the  unavoidable 
loss  of  oil  incident  to  the  removal  of  the  burned  contact  brushes  and 
the  substitution  of  new  ones. 

DISCUSSION   OP  RESULTS   OP  TEST. 

The  remarks  on  the  results  of  test  of  switch  OPl  (p.  23)  apply 
also  to  switch  0P4. 

REMARKS   ON   SWrTCH  DESIGN. 

The  design  and  construction  of  the  switch  seems  to  be  sufficiently 
substantial  for  mine  service.  The  casing  is  so  designed  that  leakage 
of  oil  is  practically  impossible.  If  the  switch  is  to  be  used  with  any 
but  lead-covered  conductors  the  openings  for  the  admission  of  such 
conductors  to  the  casing  will  have  to  be  of  a  form  different  from  that 
used  in  the  switch  that  was  tested. 

BBKABKS   ON  THE   GBNBBAIi  DESIGN   OF   AN  EUBCTBIC   MINB 

SWITOH. 

The  purpose  for  which  a  switch  is  to  be  used  will  of  course  influence 
its  design.  In  general,  a  mine  switch  is  subjected  to  more  severe 
service  and  to  more  abuse  than  a  switch  that  is  used  above  groimd. 
Therefore  a  mine  switch  should  be  constructed  more  substantially 
than  a  switch  for  ordinary  service.  The  voltage  requirements  of 
mine  switches  are  not  severe  at  present,  although  as  the  use  of  alter- 
nating current  becomes  more  extensive  higher  voltages  will  no 
doubt  be  used  underground.  However,  in  places  where  there  is 
danger  of  gas  ignition  a  voltage  of  440  for  alternating  current  and 
650  for  direct  current  will  probably  never  be  exceeded.  The  current 
requirements  are  not  unusual.  The  majority  of  mine  switches  are 
nonautomatic,  fuses  being  used  to  open  the  circuits  on  overload. 
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Although  often  used  merely  as  disconnecting  switches,  all  switches 
for  mine  service  should  be  capable  of  opening  xmder  at  least  twice 
their  rated  current  load  without  blowing  the  fuse  or  damaging  the 
connections. 

There  may  be  two  classes  of  safety  mine  switches — those  designed 
to  be  permanently  connected  into  circuit  and  those  so  designed  that 
the  leads  connecting  the  switch  with  its  load  are  readily  detachable. 
The  latter  class  requires  an  interlocking  connection  between  the 
detachable  leads  and  the  blades  of  the  switch  so  that  the  circuit  can 
not  be  opened  by  the  removal  of  the  detachable  leads.  The  classi- 
fication of  safety  mine  switches  has  already  been  discussed  in  pages 
6  and  7.  , 

PEBMIS8IBLE  SWITCHES  FOB  USE  IN  GASEOUS  HIMES. 

As  a  result  of  the  preliminary  tests  reported  in  the  foregoing 
pages  the  bureau  has  decided  to  imdertake  tests  to  establish  a  list 
of  permissible  electric  switches  for  use  in  gaseous  mines. 

The  following  is  a  statement  of  the  character  of  the  tests,  the  con- 
ditions imder  which  they  will  be  made,  and  the  requirements  for 
approval. 

DEFINITIONS  OF  TEBMS  USED. 

Permissible. — ^The  Bureau  of  Mines  considers  a  switch  permissible 
if  it  is  similar  in  all  respects  to  the  sample  switch  that  passed  certain 
tests  made  by  the  bureau,  and  if  it  is  set  up  and  used  in  accordance 
with  the  conditions  prescribed  by  the  bureau. 

Permissible  switches  may  be  either  of  the  oil  type  or  of  the  explo- 
sion-proof type.  Switches  of  either  type  may  belong  to  the  class 
having  detachable  leads  (class  D)  or  the  class  having  permanently 
connected  leads  (class  P). 

Types. — The  Bureau  of  Mines  has  applied  the  term  ' 'explosion- 
proof"  to  switches  so  constructed  as  to  prevent  the  ignition  of  mine 
gas  surrotmding  the  switch  by  any  sparks,  flashes,  or  explosions  of 
gas  that  may  occiu*  within  the  switch  casing. 

on-type  switches  are  those  that  have  their  contacts  immersed  in 
oil  for  the  purpose  of  confining  the  flash  that  takes  place  when  the 
switch  is  opened  under  load. 

REQUIBEMENTS   FOB   APPROVAL. 
U>BNTDnCATION  OF  BWTrCHBB. 

Before  the  Bureau  of  Mines  approves  any  switch  as  permissible 
there  shall  be  on  file  with  the  bureau  the  following  data  to  be  used 
for  the  identification  of  the  switch  and  to  be  mentioned  in  the  pub- 
lished approval  of  the  switch: 
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1.  The  voltage  and  current  rating  of  the  switch. 

2.  Dimension  drawings  that  show  clearly — (a)  the  size  and  general 
appearance  of  the  switch  casing;  (J)  the  relative  arrangement  of 
parts  within  the  switch  casing;  (c)  for  explosion-proof  switches  the 
size  and  details  of  the  protective  devices  and  their  relative  arrange- 
ment on  the.  switch  casing;  {d)  for  oil  switches  the  trade  name  of 
the  oil  that  should  be  used  in  connection  with  the  switch;  (e)  any 
other  drawings  necessary  to  identify  or  explain  any  feature  that  is 
to  be  considered  in  the  approval  of  the  switch, 

DESIGN  AND  CONSTRUCTION. 

The  design  and  construction  of  permissible  mine  switches  must  be 
especially  substantial.  This  requirement  shall  be  applied  consistently 
to  all  the  details  of  the  switches  as  well  as  to  their  principal  parts  in 
order  to  give  assurance  that  under  the  severe  conditions  of  mining 
service  the  explosion-proof  quaUties  of  the  switches  will  remain 
unimpaired. 

The  protective  devices  used  with  permissible  explosion-proof 
switches  must  not  only  be  capable  of  preventing  the  passage  of  flames 
from  the  interior  to  the  exterior  of  the  switch  casing,  but  such 
devices  must  also  possess  sufficient  mechanical  strength  to  prevent 
the  accidental  impairment  of  their  usefulness.  If  there  are  movable 
parts  in  connection  with  such  devices,  such  parts  must  be  so  designed 
that  there  can  be  no  interference  with  their  movement.  All  joints  in 
the  casing  of  an  explosion-proof  switch  must  be  metal-to-metal 
joints  with  broad  faces.  All  openings  in  the  casing  of  an  explosion- 
proof  switch  other  than  those  provided  with  protective  devices  by 
the  manufacturers  must  be  tightly  closed.  It  is  desirable  that  such 
openings  be  as  few  as  possible.  There  must  be  no  exposed  terminals 
or  contacts  outside  the  switch  casing.  The  leads  connecting  the 
switch  with  the  power  supply  must  enter  the  switch  casing  through 
gas-tight  bushings  of -approved  design  and  be  provided  with  lugs 
for  making  permanent  connections  within  such  casings.  If  there  are 
glass-covered  openings  in  the  casing  of  a  switch,  the  glass  must  be 
protected  by  a  metal  cover  or  covers  that  close  automatically  unless 
held  open.  Class  P  explosion-proof  switches  must  have  the  covers 
or  doors  of  the  switch  casing  so  interlocked  with  the  switch  mechanism 
that  the  casing  can  not  be  opened  when  the  switch  is  closed,  nor  can 
the  switch  be  operated  while  the  casing  is  open.  Class  D  explosion- 
proof  switches  must  be  equipped  like  class  P  switches,  and  in  addi- 
tion have  their  detachable  leads  so  interlocked  with  the  switch  mech- 
anisn  that  the  leads  can  not  be  removed  while  the  switch  is  closed. 

Oil-type  switches  must  be  so  designed  and  constructed  as  to  reduce 
to  a  minimum  the  possibility  of  oil  leaking  from  the  switch  casings. 
A  practicaUy  air-tight  casing  is  recommended.    The  s^.tch  contact^ 
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must  be  well  submerged  in  oil.  All  leads  must  leave  the  casing  at 
points  above  the  designated  oil  level.  Class  D  oil  switches  must 
have  their  leads  interlocked  with  the  switch  mechanism  in  the  same 
manner  as  is  prescribed  for  Class  D  explosion-proof  switches. 

OHABACTEB  OF  TESTS. 
TESTS  OF  EXPLOSION-PROOF  SWITCHES. 

In  testing  an  explosion-proof  switch  for  permissibility  the  switch 
casing  will  be  filled  and  surrounded  with  the  most  explosive  mixture 
of  Pittsburgh  natural  gas  and  air.  The  mixture  within  the  casing 
will  then  be  ignited  by  means  of  a  spark  plug;  by  a  flash  from  the 
switch  contacts,  or  by  any  other  means  that  simulates  the  conditions 
of  actual  practice.  Similar  tests  will  also  be  made  with  greater  and 
with  less  proportions  of  gas  in  the  explosive  mixture  and  with  coal 
dust  sifted  into  the  switch  casing  or  into  the  protective  devices. 
Tests  will  also  be  made  to  determine  the  point  of  ignition  that  gives 
the  greatest  pressure,  and  tests' will  be  made  by  igniting  from  such  a 
point.  Not  less  than  50  tests  of  all  kinds  shall  be  made  and  more 
than  that  number  may  be  made  if,  in  the  opinion  of  engineers  of  the 
bureau,  more  tests  are  necessary  to  prove  the  permissibility  of  the 
switch.  In  order  to  pass  these  tests,  a  switch  must  in  none  of  them 
cause  an  ignition  of  the  gas  surroimding  the  switch  or  the  discharge 
of  flames  from  any  part  of  the  switch  casing. 

A  switch  will  not  be  regarded  as  permissible,  although  it  may  have 
passed  the  tests  just  described,  if  used  (a)  without  the  caution  plate 
described  on  page  33  or  (6)  with  openings  in  the  switch  casing  other 
than  those  openings  provided  with  protective  devices  by  the  manu- 
facturer. 

EZPLOSION-PROOF  FUSE  CASINOS. 

Only  inclosed  fuses  should  be  used  in  connection  with  explosion- 
proof  or  oil  switches.  The  fuses  should  be  •inclosed  in  explosion- 
proof  casings  or  immersed  in  oil.  The  former  practice  is  recommended 
because  it  renders  the  fuses  easier  of  access  when  replacements  are 
necessary. 

If  fuses  are  inclosed  in  explosion-proof  casings,  such  casings  will 
be  tested  in  the  same  manner  as  switch  casings  of  similar  design. 
If  fuses  are  submerged  in  oil,  the  investigation  of  this  part  of  the 
equipment  will  consist  of  a  thorou^  examination  of  the  details  of 
design  and  construction. 

TESTS  OP  OnrTTPB  SWITOUES. 

In  testing  an  oil-type  switch  for  permissibility  the  switch  will  be 
set  up  in  an  indosure  filled  with  the  most  explosive  mixture  of 
natural  gas  sjnd  air*    The  contacts  of  the  switch  will  be  covered  with 
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oil  to  only  25  per  cent  of  the  depth  designated  by  the  manufactiu^r. 
Under  these  conditions  50  tests  will  be  made  by  opening  the  switch 
under  rated  conditions  of  qiirrent  and  voltage.  Direct  current  wilL 
be  used  in  all  tests.  In  order  that  a  switch  may  successfully  pass 
these  tests  its  operation  shall  in  none  of  them  ignite  the  gas  surround- 
ing the  switch.  The  mechanical  design  and  construction  of  the 
switch  will  be  considered  in  Its  approval. 

Even  if  a  switch  has  passed  the  tests  just  described  it  will  not  be 
considered  as  permissible  if  used  without  the  caution  plate  described 
below. 

CAUTION  AND  APPROVAL  PLATES. 

As  part  of  the  protection  of  a  permissible  switch  the  manufac- 
turers shall  be  required  to  attach  to  an  explosion-proof  switch  a 
metal  plate  inscribed  as  follows: 


CAUTION. 

The  permiaaibility  of  this  switch  depends  upon  the 
absence  of  any  openings  in  the  casing  other  than  those 
provided  with  protective  devices  by  the  manufacturer. 

The  casing  should  be  frequently  inspected  for  improper 
openings. 


And  to  an  oil- type  switch  a  metal  plate  inscribed  as  follows: 


CAUTION. 

The  permissibility  of  this  switch  depends  upon  the  pres- 
ence of  the  proper  quantity  of oil  in  the  switch 

casing. 

The  oil  level  should  be  carefully  maintained  at  the  point 
designated  by  the  manufacturer. 
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The  manufacturer  shall  be  permitted  to  attach  to  the  casing  of  an 
explosion-proof  switch  a  plate  inscribed  as  follows: 


PERMISSIBLE 

Explosion-Proof  Switch 

For   use  with   permanent   connectionB  (or  for  use  with 
detachable  leads). 

Approval  No. . 

U.  S.  Bureau  of  Mines. 


And  to  the  casing  of  an  oil- type  switch  a  plate  inscribed  as  follows: 


PERMISSIBLE 

Oil  Switch 

For   use  with  permanent  connections    (or  for  use  with 
detachable  leads).  • 

Approval  No. . 

U.  S.  Bureau  of  Mines. 


The  size,  material,  and  design  of  both  caution  and  approval  plates 
shall  meet  with  the  approval  of  the  bureau. 

The  caution  and  statement  of  approval  could  be  combined  upon  a 
single  plate,  a  suggested  form  for  which  is  shown. 
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PERMISSIBLE 
Explosion-proof  Switch 

For  usk  with  dctachablk  leads 

.   Approval  No 


U.  S.  Bureau  of  Mines 

CAUTION. 

The  permissibility  of  this  switch 
depends  upon  the  presence  in  the 
switch  casing  of  the  proper  quan- 
tity of oil. 

The  oil  level  should  be  carefully 
maintained  at  the  point  designated 
by  the  manufacturer. 


NOnPICATION  OF  MANUfAGTUBEB. 

As  soon  as  the  engineers  of  the  bureau  are  satisfied  that  a  switch 
is  permissible  for  use  in  places  where  gas  may  occasionally  be  present 
in  such  proportions  as  to  form  an  explosive  mixtiu*e,  the  manufac- 
turer of  the  switch  shall  be  notified  to  that  effect.  As  soon  as  a 
manufacturer  is  formally  notified  that  his  switch  has  passed  the 
tests  prescribed  by  the  bureau  he  shall  be  free  to  advertise  such 
switch  as  permissible  and  may  attach  approval  plates  to  such  switches. 

SOOPE  OF  AFPBOVAL. 

The  approval  of  any  switch  by  the  bureau  shall  be  construed  as 
applying  to  all  switches  of  that  specific  type,  class,  form,  and  rating 
made  by  the  same  manufacturer  and  protected  in  the  same  manner, 
but  to  no  other  switches. 

Manufacturers  shall,  before  claiming  approval  by  the  bureau  for 
any  modification  of  any  approved  switch,  submit  to  the  bureau 
drawings  that  shall  show  the  extent  and  natiu*e  of  such  modifica- 
tions in  order  that  the  bureau  may  decide  whether  or  not  it  will  be 
necessary  to  test  the  remodeled  switch  before  approving  it.  Each 
approval  of  a  permissible  switch  will  be  given  a  serial  number. 
Approvals  of  modified  forms  of  a  previously' approved  switch  will 
bear  the  same  number  as  the  original  approval  with  the  addition  of 
the  letters  A,  B,  C,  etc. 
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WITHDRAWAL  OF  APPROVAIa 

The  bureau  reserves  the  right  to  rescind  for  cause  at  any  time  any 
approval  granted  under  the  conditions  herein  set  forth. 

PRECAUTIONS. 

• 

It  is  obviously  futile  to  protect  the  switch  and  neglect  to  safe- 
guard any  spark-producing  accessory  apparatus.  It  is  equally 
unavailing  to  protect  all  of  the  apparatus  if,  within  the  limits  made 
dangerous  by  the  presence  of  gas,  there  are  used  in  connection  with 
the  electrical  equipment  uninsulated  wires  or  wires  not  properly 
connected  with  suitable  insulators. 


FUBUOATIONS  ON  Mlira  AOOTDSNTS  AXD  MXTHODS  OF  MZNINa. 

The  following  Bureau  of  Mines  publications  may  be  obtained  free 
by  applying  to  the  Director  Bureau  of  Mines,  Washington,  D.  C. 

Bulletin  10.  The  use  of  permianble  exploeiyefl,  by  J.  J.  Kutledge  and  Clarence 
Hall.    1912.    34  pp.,  5  pis.,  4  figs. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.  61  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Survey  Bulletin 
423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by  J.  C.  W. 
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